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l ~ ¡+egv7x7su|f\uq¨ndxdf,+f+|suq'lwxdf,yduv'ydulw¡+s|¡ ~ f,uv'dn<{suf\{u{(f ~ n§u¡\{|f\q}nXf\eodu'v7xdxq'lwuf'¥q'n
xdlm¤'f8q}n ~ nXxdv'e,duf ~ fxdf+n|v7xdf\{bxd¡8
f8{|{uq}lm|f8{Êy<v7ndv'ds|f+xlwnxdfq'
s|lm¤Zlws|¡)yaZz{|lwv7pwv7'lr£Zndf'«z·¶fydpmn{+¥v'xX{(v7ndaq'l¢suf
q}x<q}pmK{|f+opY© lwegyJv'|suq'x
f ~ fprqU{(¡8£Zndf+x+f ~ © q'
s|lm¤tqts|lmv'x ~ f\{,xdf+nduv'xf\{suv'nzsgq}n pmv'xd ~ f\{o¡+ydlr{(v ~ f8{f+sOq}yydpwlr£Zndf+
~ f8{{(s|lmeonpmq}s|lmv'x{q}nz xf+nduv'xdf8{ ~ n u¡\{|f\q}n ¥Ê+f¯£ZndlyJf+ueOf+s ~ f¯+v'egyq}uf+pwf¯egv ~ c+pmf¯q:¤7f\§pwf8{ydulmx
lmyq}pmf\{
f
zyJ¡+ulwf\x
f8{)ydaKz{(lmv'pmv'7lm£Zndf8{|¡8q}pmlm{|¡+f8{y<v7nd¡+s|n ~ lmf+,pwf|¡8{(f8q}n¯f+eo|7v'xdxq'lwuf'«0À fdnzs ~ f
f+s(suf¨¡
sun ~ f¨f8{s ~ f
~ ¡\¤'f+pmv'yy<f\OnxÃegv ~ c+pmf ~ f1prq¹+v'egy<vZ{|q'xZs|f ~ fXq'{|f ~ nÃu¡\{|f\q'nSf\eodu'v7xdxq}lmuf¹¼Æpmf1|av'eoJv'egc\|f:½o£Zndl{|v'lws¨ª
eg»+egf ~ fouf+yduv ~ ndlm|f)pmf\{yd|lmx+lwyq'pwf8{\q}q'su¡+ulm{(s|lr£Zndf\{eOlr{|f\{f\xU¡+¤Kl ~ f+x<
ff\xUydaKz{(lmv'pmv'7lwfq:¤7f\ ~ f8{eg¡
suadv ~ f\{
¡+pmf\
s|uv'ydaKz{|lwv7pwv7'lr£7nf\{f
sIyda<q}uegq7
v7pwv7'lr£7nf\{\«tf+s(s|fyq}|s|lmf ~ fp5© ¡+s|n ~ ff\{(sWs|uc\{Plmegy<v7(sq}xZs|fbydnlm{u£Zndf'¥Zª)
f{(suq ~ f
~ f ~ ¡+¤7f+pmv'ydyJf+egf\x7s1¼Æf\x7su|fpmfh'¿5c\eOff
sgpwf¹\}¿5c\eOfov'ndgq}y|c8{oprqUyJv'xZs|f:½pmf|¡8{(f8q}n f\eodu'v7xdxq}lmuf'¥ ~ lwsq}n{u{(l
u¡\{|f\q}nguadv'e,<v7eg¡+ulm£Zndf7¥}f\{(sW³Æv'ueg¡ ~ fypwn{|lmf+nd{Pu¡+ydpmlm£Zndf8{ ~ f¶
f
s|s|f+v'egyJv7{uq}xZs|f7«'·f8{+v'xdxf\sulwv7x{Pxdf\nduv'xq'pwf8{
f+xZsu|f¶pwf8{uadv7eoJv'egc+uf\{Wq7{|{|nduf+xZsÊq'pwv7u{Ipmq,{(Kxa|v7xdlm{uqtsulwv7x ~ f\{ ~ lw±J¡\|f\xZs|f\{Êq'
s|lm¤Kl¢su¡\{Êf+xduf+7lm{(s|u¡+f8{W{|ndpmf\{Êxdf\(³´{
egv}suf+nd{)yJv'nd ~ v'xdxdf\pmlwf\n q}n 
v7eOyJv'|s|f\egf+xZs|Zsuadegv''c\xdf ~ fp5© f\x{|f+eopwf  ¥
³«0®<«I¼:½«jzlIv'x {|¡+y<q}ufOpmf\{
ndxdlws|¡8{uadv7eoJv'eg¡+ulm£Zndf8{+¥Iv'x­yJf+nzs1v'{|f+u¤'f\ ~ f\{q'
s|lm¤Kl¢su¡\{ ~ l¢±C¡+uf+xZs|f8{+¥pwlm¡+f8{+¥s|uc\{¤Kuq'lm{|f+e,dpmq'dpmf+egf+xZs\¥q}nz
~ lw±J¡\|f\xZsu{ ~ ¡\'u¡\{ ~ f ~ ¡+¤7f+pmv'ydyJf+egf\x7s ~ f¨a<q'£ZndfO|adv7eoJv'egc+uf  ¥ 
³«C®«I¼5'½
«0ºX»+egf{(lIpwf8{ ~ l¢±C¡+uf+xZs{¸sZyJf\{
~ fxf+nduv'xdf8{bv'xZs¡
su¡l ~ f+xZs|lw®¡8{+¥dpmfo{uad¡+eqOf
dq7s ~ fpmf+nu{+v'xdxf
zlwv7x{bu¡\
lmyduvz£7nf\{)¼´q7sulw¤tqtsu|lr
f8{+¥lwxdalwdlws|ulr
f\{
f
sbxdf\nd|v7egv ~ ndpmq}s|ulm+f\{½Puf\{(suq'l¢sÊlwx+v'xdxKn0¥zq'nzsuq'x7sbªop5© lwxZs|¡\|lmf+n ~ faq7£7nfuadv'e,<v7eOc\|f7¥Z£Zn0© f+xZsu|f¶pwf8{ ~ l¢±C¡+uf+xZsu{
uadv'e,<v7eOc\|f8{+«¶x ¤7v'n ~ q}lws ~ v'x ~ ¡(ªAq:¤'v7lwndxdf¯l ~ ¡+f ~ n sKyJf ~ f¯+v'xdxdf+zlwv7x{f+zlm{(suq'x7s ~ q}x<{pmf¯|¡8{(f8q}n
uadv'e,<v7eO¡\|lr£Zndfqt®x ~ f¨|¡8q}pmlm{|f+)prqX{|Zx<ad|v7xdlr{|q}s|lmv'x ~ © vZ{|+lwpmprqts|f\nd{)£7nlY¥lwxZs|ulmx{(c8£Zndf+egf+xZs8¥ v'xZs ~ f8{uZs|adegf\{
~ lw±J¡\|f\xZsu{\«tµWxgydpwn<{+¥tp5© lmxZs|uv ~ nsulwv7x ~ © ndxfÊf\xZs|u¡+f{(npmfb|¡8{(f8q}n0¥t£Zndld+v'xZs|uË'pmfpmfb|Zsuadegf ~ fÊp5© q'sulw¤Klws|¡ ~ ngu¡\{|f\q}n ¥
f
s)p5© l ~ f\x7sul¢®J+qtsulwv7x ~ f8{{(v7(sulwf8{+¥C£Zndl |f\yd|¡8{(f\xZs|f+uv'xZspmf\{q7s|lm¤Kl¢su¡\{¸xdf\|¤7f+n{|f\{¶lwx<{(ydlmqts|v7lwuf\{O¼Æxf+|³Iydadu¡+xdlr£Zndf8½f
s
f
zydlmqts|v7lwuf\{¼´xdf+|³q} ~ v'eglmxq}pIf+xZs|uf¨q}nzsu|f8{u½
¥0yJf+ueOf+s(suuq1f\x{(nl¢suf ~ f¨¤7¡+ul¢®f\{+© lmpIf\{(soyJv7{u{(lmdpmf ~ f+v'x{(s|undlm|f7¥
ªUy<q}|s|lm ~ f1
f|¡8{(f8q}n0¥ndx yJf
s|lwsegv ~ c+pmf ~ nS+v'xZs|uË'pmf+noxdf\nd|v7xq}p ~ fp5© q'sulw¤Klws|¡|f8{(ylwqtsuv'lm|f¨adf\¦¨pmf\{O{(ntf+su{
q ~ ndp¢suf\{\«
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1mm
5n
7n
HH24
30 s
5n
7n
r2
r4
r6
r8
activité des nerfs moteurs
 P'Å§À f)s|uv'x)+¡+u¡+dq}pEf\eodu'v7xdxq'lwuf¶f8{sv7|Zq}xdlr{|¡¸y<q}
v7ndydpmf\{ ~ f|av'eoJv'egc\|f8{)¼Æz¥duh¥zN=d¥d7½
¥{|ndprq
7q'nadf7«Kaq7£7nf¶
v7ndydpmf ~ f¸uadv'e,<v7eOc\|f8{ ~ v7xdxdf¶xq}lr{|{uq}x<
fªondxxdf\(³0egv's|f+nf+sÊv7xquf+ydu¡\{|f+xZsu¡lm+lCpwf8{Ixdf\(³´{
egv}suf+nd{ ;}x§f+stx0«0jKndpmq ~ uv'lws|fOv'x§q|f\ydu¡\{|f+xZs|¡prqyd|f\eglwc\|fOq'sulw¤Klws|¡Oy<¡\|lmv ~ lr£7nfof+x|f\'lr{su|¡\f,{|nd¶pmf\{¸xdf\(³´{
egv}suf+nd{¼;txJ½Êf
s¼5tx<½¥q'n{(suq ~ f ~ f ~ ¡+¤7f+pmv'ydyJf+egf\x7sÈ¶È }h£7nl0
v'uuf\{|y<v7x ~ q}nh}¿ c+egfÊv'nbq'yduc\{bprqoyJv'xZs|f ~ f
p5© vKf+nd³ ~ f)yJv'npwf+s\«`v'nzsq'npmv'xd ~ n ~ ¡\¤'f\pwv7ydy<f\egf+xZs\¥zpmf\{xf+|³´{beOv's|f\ndu{bv7xZsbnxdfq'
s|lm¤Zlws|¡){|Kxaduv'xdf7«
1 min
HH32
7n
5n
7n
7n
5n
5n
1 mm
7n
5n
 KdÅn
v'nu{ ~ n ~ ¡+¤7f+pmv'ydyJf+egf\x7s8¥tpY© q'
s|lm¤Kl¢su¡ÊuaKZs|adeglr£7nfÊf\xduf+'lr{(s|u¡+f{|nd pmf\{ xdf\(³´{ egv}suf+nd{ {(f+v'egydpmf
zl¢®<f
{|ndlw¤tq'x7s ~ lw¤7f+{(f8{¡8adf+pmpmf\{ ~ fbsuf+egy{\¥¼Æf\xOa<q}nzs½¥}eq}lr{Ppmf\{ ndxl¢su¡\{Puadv'e,<v7eg¡+ulm£Zndf8{v7xZsWndxdfq'
s|lm¤Kl¢su¡ÊlmxZs|ulwx<{(c8£7nf
~ lw±J¡\|f\xZs|f'¥¼Æf+x1q7{u½
«jKl0v7xpmf\{{|¡+yq'|fv7xyJf+nzsv7{|f+u¤'f+{|ndpmf\{bxdf\(³´{begv}suf+nd{ ~ f8{q'
s|lm¤Zlws|¡8{ ~ lw±J¡\|f\x7suf\{\«
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`|v7lm{Exlw¤7f\q}nd ~ © v'<{(f\|¤tqtsulwv7xv'xZs¡+s|¡q ~ v'yds|¡\{qt®x ~ f ~ lr{|+|lmeglwxf+ pmf\{ ~ lw±J¡\|f\xZsu{EsKyJf\{ ~ fIxf+nduv'xdf8{0ydu¡\{|f+xZs{
~ q'x{bpwf)u¡\{|f\q'nf\eodu'v7xdxq}lmuf'Å
 ndxoxdlm¤'f8q}n,eOv7|yadv'pmv'7lm£ZndfI£Zndldq¶yJf+ueOlr{ ~ f ~ lr{sulwxd7ndf+ ~ f\nzsKy<f8{ ~ fbxdf+nduv'xf\{ ~ l¢±C¡+uf+xZs{0Å:pwf8{eOv's|v7xdf+nz¿
|v7xdf\{¼´xdf+n|v7xdf\{Py|v'f
suq'xZsI¤'f\u{Pprq)yJ¡+ulwyad¡+ulwf:½P£ZndlC
v'x<{sul¢sundf+xZsIprq{|v'|s|lmf ~ n¨u¡\{|f\q}ngf+spmf\{WlmxZs|f\|xdf\nduv'xdf8{
|¡+s|lr
ndprq}lm|f8{Pyduv}f+suq}xZsIq'n{(f\lwx ~ n¨|¡8{(f8q}n0«ZÀW© q'
s|lm¤Zlws|¡ ~ fegv ~ ¡+pmlr{|q}s|lmv'xf\{(syJv'nIp5© lmx{(suq}xZsb
v'x<
f+xZsu|¡\f{(nd
pY© q}xq'pwz{|f ~ f\{I|¡8{(f8q}nzOxdf+ndq}nd    +   vgpwf8{P®duf\{qt±C¡+uf+xZs|f8{W{|v'xZsI{(nydydulweg¡+f8{Wf+sIpwf8{Wegv}suv'xdf\nduv'xdf8{
xdf){(v7x7syq7{bydulm{bf\x1+v'egyzsuf'«
 ndxxdlm¤'f\q'ng¡+pmf\su|v7ydaKz{(lmv'pmv'7lm£Zndf£Zndl<qy<f\|eglr{ ~ f ~ lm{(s|lmxd'nf+ ~ f+nz{(v7n{(¿5yJv'ydnpmq}s|lmv'x{ xdf\nduv'xq'pwf8{Wq}n¨{|f+lmx
~ n¹u¡\{|f\q'n0¥Cq'{u{(vz
lm¡+f8{¶ª ~ f\nz§egv ~ f\{ ~ lw±C¡+uf+xZsu{ ~ f ~ ¡8aq}u'f8{+«CÀ0f8{¶xf+nduv'xdf8{+¥ ~ lwsu{ ~ fOsKyJfOÁ¶f
s)Á(Á¥Ev7xZs
pwf8{Ieg»+egf8{y|v7yd|lm¡
su¡\{¡+pmf\
s|uv'ydaKz{(lmv'pmv'7lm£Zndf8{Pf
s{|f ~ ¡8aq}u'f\xZsIf+xydaq'{|fq:¤'f\pwf8{xf+|³´{egv's|f+nu{\¥Z
³«K®«
¼´'qZ½«EÀ0f8{xf+nduv'xdf8{+¥ ~ lwsu{ ~ fOsKyJf,Á|Á(Á¥0{|f ~ ¡8aq}u'f\xZsf+x¯v'ydyJv7{|lws|lmv'x ~ fgyda<q'{|f,q:¤'f8pmf\{¸xdf\(³´{¸egv}suf+nd{+¥
³«z®<«0¼´'<½«
 ndxxdlm¤'f\q'nydaq'|eq'+v'pmv'7lm£Zndfbvp5© ¡
s|n ~ f ~ f8{q7sulw¤Klws|¡\{{(Kxq'yzs|lr£Zndf\{q)yJf+ueOlr{ ~ f¶+q'uq7su¡+ulm{|f+ su|v7lm{WsZyJf\{
~ f§
v7xdxdf+Klmv'x<{lwxZsuf+uxdf+nduv'x<q}pmf\{f\x7su|fXpmf\{
f\pwpmndpmf\{ ~ n­|¡8{(f8q}n)ÅWlmp{+© q}7l¢s ~ n {(z{(s|c+egf ? b ¼Æf+d
lwsuqt¿
s|f+nBtlwxdalwdlws|f\nd½¥.?¸pmnzsq}eqtsuf¼Æf+z+l¢sqtsuf+nd½bf
s ~ © nxU{(z{(s|c+egfxf+nduv'egv ~ ndprqtsuf+ndo¼´v'xXxdf,
v'xxq:²rsyq'{f+xz¿

v'uf1pwf§xdf+nduv}suuq'x{|eOf+s(suf+nd¨uf\{|yJv'x{uq}dpmf ~ fUp5© q7sulwv7x­xdf+nduv'egv ~ ndprqtsu|lr
f:½«IÀq ~ Kxq}eglr£Zndf ~ fUp5© q'sulwv7x
xdf+nduv'egv ~ ndprqtsu|lr
fÊf\{(sIJf\q'n
v7ndygydpwn<{Ppwf\xZs|f£Zndfprq ~ Kxq}eglr£Zndf ~ f\{Wxdf+nduv}suuq'x{|eOf+s(suf+nd{ ? b¿f
s ?¸pmn
¿5f\|7lm£Zndf8{0Å:v'xOyq'{u{|f ~ © ndxf ~ Kxq}eglr£7nf ~ fpY© v' ~ uf ~ f£Zndf+pr£Zndf\{ eglmxZnds|f\{Wy<v7ndWp5© q7s|lmv'xOxdf\nd|v7egv ~ ndpmq}s|ulm+f
ªndxdf ~ Kxq'eOlr£Zndf ~ fp5© v' ~ |f ~ feOv7lwx<{ ~ © ndxdf{|f\+v'x ~ fyJv'nWpY© q'
s|lmv'xgf
d+l¢sqts|ulr
f)¼ ~ ¡8
pmf+xa¡+fyq'Ppwfxdf+nz¿
|v's|q}x{|egf
s(suf+nd ?¸pmnz¿5f\|7lm£Zndf:½v'nlwxdalwdlws|ulr
f¨¼ ~ ¡\
pmf+x<ad¡+f)yq'bpwf)xdf\nduv}s|q}x<{(egf
s|s|f\nd ? b¿ f+u'lr£Zndf8½
«
  Å ·¡8aq}u'f ~ f8{)xdf+n|v7xdf\{f+soq'sulw¤Klws|¡f\xd|f\'lr{su|¡\fO{|nd)pmfxdf+|³beOv's|f\ndq}n 
v7nd{ ~ n s|v'nds ~ ¡+dnds ~ © nx
¡+ylm{|v ~ f'«	lr{(n<q}pmlm{uqtsulwv7x ~ f\{<v7nz±J¡\f\{\ÅÊqZ½ ~ f§sZyJf§Áf+sÁ|Á
Ê<½ ~ fUsKyJf§Á(Á|Á«ÊÀ f\{xdf+nduv'xf\{ ~ fUsKy<f¹Ágf
sÁ|Á
~ ¡8aq}u'f\x7s¸f+x¯ydaq7{(fgq:¤'f8pmfOxf+|³¶¼Æuf\
suq}x'pmf\{½«C<½¸À0f8{¶xf+nduv'xdf8{ ~ fOsZyJfgÁ(Á|Á ~ ¡8aq}u'f\x7s¸f+x¯v'ydyJv7{|lws|lmv'x ~ f
ydaq7{(f¶q:¤'f\bpmfxf+|³«ZÀI© f\xd|f\'lr{su|f\egf+xZsWv'{|f+u¤'¡ ~ nd|ff+xK¤Klwuv'x'o{+«KÀ0fuf
sq} ~ f+xZs|ufp5© q7sulw¤tqtsulwv7x ~ n¨xdf\nduv'xdf ~ f
sKy<f¸Á(Á|ÁIf+sÊp5© q7sulw¤Klws|¡{(ndbpmf¶xf+|³q¡+s|¡¸eOv ~ ¡\pwlr{|¡¸+v'egegf¶ndx{(lmegydpmf¶uf
sq} ~¨~ © f+xK¤Klwuv'x,{\«K{u
lr{|{|fWÅ7s|f+egy{bf\x
{|f\
v7x ~ f8{+«<¶ ~ v'xxd¡+fWÅKyJv}suf+xZs|lmf+p ~ f¸egf\eodq}xdff\xeglmpwpmlm¤'v'pwsu{\«
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n 
v7nd{ ~ fgaq7£7nfo¡+ylm{|v ~ f'¥CpmfOyJv}suf+xZs|lmf+p ~ fOegf+e,duq'xdf ~ f\{¸xdf\nd|v7xdf\{ ~ f,sKy<fgÁf+sÁ|Á ~ ¡8
ul¢sndxdfgv'x ~ f ~ f
~ ¡\y<v7pmq'|lr{|q}s|lmv'x pmf+xZs|f7¥{|ndoprq'£Zndf\pwpmf¨{(f ~ ¡+¤7f+pmv'ydyJf+xZs ~ f8{ ~ ¡\y<v7pmq'|lr{uqts|lmv'x<{s|q}x{|lws|v'lmuf\{ ~ fydpwn<{'q}x ~ f¨q}egydpml¢¿
s|n ~ f¼ÆJv'nd±J¡\f\{½¥<{|nduegv'xZs|¡\f\{ ~ f)yJv}suf+xZs|lmf+p ~ © q'sulwv7x0¥<
³«d®<« ¼ÆhK½«JÀ0f\{xdf+nduv'xf\{ ~ fsKyJfÁ(Á|Á¥<y<q}|s|lr
ndpmlwc\|f\egf+xZs
10 mV
1 min
Inhibition lente : NM −
Excitation lente : NM +
Bouffées
 h<ÅA v's|f+xZsulwf\p ~ fegf+eouq'xdf ~ fOxf+nduv'xdf8{ ~ fgsKy<fgÁf+sÁ(ÁO¼Æf+x aq'nzs½¶f+s ~ Kxq}eglr£7nfOpmf+xZsufgq7{|{|vz
lm¡Oª1+f
yJv}s|f\xZs|lmf+p5«0ÀW© v'zf8s|lm¤'f ~ n¯eOv ~ c\pwf£Zn0© v'x ~ ¡+¤7f+pmv'ydyJf+q ~ q'x{¸pmq{|ndl¢sufgf\{(s ~ f{|lwe,ndpmf+)
f+s(s|f ~ Kxq'eOlr£Zndfgpwf\xZs|f'«
ÀW© ¡+¤7v'pmnzs|lmv'x ~ n yJv}s|f\xZs|lmf+p ~ feOf\eodq}xf ~ f
f\{,xdf\nd|v7xdf\{,f\{(s+q}q'
s|¡\|lr{sulm£Zndf7¥E³Æv'ueq}xZs,nxdfv7x ~ fpwf\x7suf ~ f
~ ¡\y<v7pmq'|lr{|q}s|lmv'x)suuq'x{|l¢suv'lm|f7¥8yndlm{ nxdfbpwv7xd'ndfÊlmxdadlmdl¢sulwv7x0« x,¡\ydlm{|v ~ fbf\{(sP|f\yd|¡8{(f\xZs|¡'«tÀI© f\xd|f\'lr{su|f\egf+xZsv7{(f\|¤7¡
~ nduff+xK¤Klwuv'x =OeglwxKnzsuf\{\«{u
lr{u{(fWÅKsuf+egy{bf\xeglmxKnzs|f7«J¶ ~ v'xdxd¡\fWÅKy<v's|f\x7sulwf\p ~ f)egf+e,dq}xdff+xeglwpmpmlw¤7v'pwsu{\«
xdv7eoduf+nz ¼Ælmpr{¶uf+y|¡8{(f\x7suf+xZsprq¨egv'lws|lm¡ ~ foprq¨yJv'ydnpmq}s|lmv'x ~ f8{¸xdf+nduv'xf\{½¥y|¡8{(f\x7suf+xZs¶prq\q}q'
s|¡+ulr{sulm£Zndf ~ fg{|f
~ ¡\y<v7pmq'|lr{(f\Iªprq{|ndlws|f ~ © ndxf¶lmxdadlmdlws|lmv'x 
Zyd|v ~ nlm{uq}xZsq'lwx{|l ~ f\{|f\<v7x ~ {WyJv7{(s(¿ lmxdadlmdl¢suf+nd{\«ZÀ f\{Wlwv7pwv7'lr{suf\{I{|ndyz¿
yJv7{|f+xZsW£7nfbs|v'n<{ pwf8{Pxdf+n|v7xdf\{ {|v'xZsWlwxZsuf+
v'xxdf\
s|¡\{\¥t{|q'nz³Cpwf8{ xdf+nduv'xf\{ ~ fbsKyJfÊÁ|Á£Zndlv'xZsWy<v7ndW
lmdpmf{(yJ¡\+l¢®J£7nf
pmf\{bxdf\nd|v7xdf\{ ~ fsZyJfÁ(Á|Á«
   
 / 
	+.	+	

À q''v7ndf+Zs|ff
s ¶lwJf+|sbv'xZsb+v'x+n¨ndx¨egv ~ c\pwf ~ nuadv7eoJv'egc+uf£ZndlJ|f\yd|v ~ nl¢sÊpwf8{ ~ f+nz¨q'
s|lm¤Kl¢su¡\{¡+pmf\su|lr£Zndf\{
~ lw±J¡\|f\xZs|f\{ ~ f\{xdf\nduv'xdf8{ ~ fsZyJfÁf+sÁ(ÁÊf
s ~ f8{bxdf+n|v7xdf\{ ~ fsKyJf)Á(Á(Ábq:¤'f8su|v7lm{bxf+nduv}suuq'x{(egf+s(s|f\nd{Ê{|Kxq}yd¿
s|lr£Zndf\{  =	5«JÀ0f)egv ~ c+pmf ~ ¡\¤'f+pmv'yy<¡)f+KalwJfndxdfq7sulw¤Klws|¡)su|c8{yduvKaf ~ fpY© q'
s|lm¤Kl¢su¡ydaKz{(lmv'pmv'7lm£Zndf¸f
slmpqgyJf+ueglm{
~ © f+x ~ ¡ ~ ndlwuf£Zndf,prqy<¡\|lmv ~ lr
lws|¡ ~ fOpY© q'
s|lm¤Zlws|¡gf8{s)ydulwx<
lmyq}pmf+egf+xZs ~ ¡
suf+ueglwxd¡\fgyq}prq ~ n|¡\f ~ fOprqxdf+nduv'egv'¿
~ ndprqtsulwv7xA£Zn0© f
zf\u+f+xZsOpmf\{gxf+nduv'xdf8{ ~ fsZyJf1Á(Á|ÁO{|ndpmfu¡\{|f\q'nSf+s£Zndf1p5© q7{(yJf\
s ~ f\{g¡\ydlm{|v ~ f\{ ~ © q7s|lm¤Kl¢su¡1f\{(s

v7xZs|uË'pm¡yq'Êp5© f¨+q7
lws|¡ ~ f\{+v'xdxf
zlwv7x{lm{u{(nf\{ ~ f\{bxf+nduv'xdf8{ ~ f¸sZyJfÁ(Á«<fegv ~ c+pmf¶f8{sq7{(¡{|ndbs|uv'lr{sZyJf\{
~ f)xdf\nduv'xdf8{0Å
 ~ f\{bxdf\nduv'xdf8{ ~ fsZyJf)Áb£7nlEpwlm<c\|f\xZsndx1xdf+nduv}suuq'x{|eOf+s(suf+ndbf
d+l¢sqts|f\nd¼?¸pmnzsq}eqtsuf8½ 

 ~ f\{Êxdf\nd|v7xdf\{ ~ f¶sKy<fÁ(Á£7nlEpwlm<c\|f\xZsÊndxxdf\nd|v's|q}x{|egf
s|s|f+n ? b £ZndlCy<f\nzs»
su|f¸ªoprqo³Æv'lr{f+d
lwsuqtsuf+nd
¼´q}ndOyduf+eglmf+{W{(suq ~ f\{ ~ n ~ ¡+¤7f+pmv'ydyJf+egf+xZs ~ n¨|¡8{(f8q}n<½v7nlwxadlwl¢suf+nd¼´q'nzg{(suq ~ f\{{(nlw¤tq}xZs{u½
«7­yq'(sÊ
f+prqd¥
pwf8{bxdf+nduv'xf\{ ~ fsKy<f)Á|ÁÊ{|v'xZsf+xs|v7n{yJv'lmxZsu{
v7egyq}q}dpmf\{bq'nzxdf\nd|v7xdf\{ ~ fsKyJf)Á 

 ~ f\{xf+nduv'xdf8{ ~ fsKy<foÁ(Á(Á£Zndl0pmlm<c\|f\x7snxXxdf+nduv'egv ~ ndprqtsuf+nd¼Y¾º§½dlwyaq'{|lm£Zndf¨¼´ndxdfyaq'{|ff
d
lwsuq}s|ulm+f
 {|ndlm¤Klwf ~ © ndxdf)yda<q'{|f¸lmxdadlmdlws|ulm+f	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«
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a b
GLU
GLU
Type III
NM-ergique
Type III
NM-ergiqueGLU-ergique
Type I
GABA
GLU
GLU
GLU
NM-ergique
Type III
NM-ergique
Type III
NM-ergiqueGLU-ergique
GABAergique
Type I
Type II
NM-ergique
NM-ergique NM-ergiqueType  II
GABAergique
GABA
excitateur
excitateur
GABA
inhibiteur
GABA
inhibiteur
GLU
  ;dÅ jzad¡\eq ~ n­|¡8{(f8q}nAf+e,d|7v'xdx<q}lm|fyduv'yJv7{|¡y<q}¨À q''v7ndf+Zs|f1f+s lm<f\(s  = «¡\{|f\q}nd ~ fUxdf\nduv'xdf8{
q:¤tq}xZs¯¼Yq7½f
sUq'yd|c8{¹¼´<½pY© q}yyq}ul¢sulwv7x ~ nMxdf+n|v7xdf ~ f¯sKyJf¹Á|Áq:¤'f8Undxf¯{|Kxq}y{|f ~ f§sKyJf5? b¿ f+u'lr£Zndf
lmxdadlmdl¢su|lr
f7«PÀ0fxdf+nduv'xf ~ fsKy<fÁ¼´xdf+nduv}suuq'x{|eOf+s(suf+nd?¸pwndsuq}eq}s|f
¿ f+u'lr£Zndf8½f\{(sOl ~ f\x7sulm£Zndf1q}nÃxdf+n|v7xdf ~ f
sKy<fgÁ|Á,¼Æxf+nduv}suuq'x{(egf+s(s|f\nd@? b¿ f+u'lr£Zndf8½
¥E{|q'nz³IyJv'nd)pmfOsZyJf ~ fOs|q}x{|egf
s|s|f+n{|Kxq}yds|lr£7nf'«EÀ q1{|Zx<q}y{|f
? b¿5f\|7lm£Zndf7¥Jq'nzUyduf+eglwf\u{¸{(suq ~ f\{ ~ n ~ ¡+¤7f+pmv'ydyJf+egf+xZs ~ n§u¡\{|f\q'n0¥Cqndxfgq7sulwv7xUf
d
lwsuq}s|ulm+f'¥Cf+x<{(ndlws|fOndxdf
q'
s|lmv'xlwxadlwl¢su|lr
f7«À0f8{bxdf+nduv'xf\{ ~ f¸sKy<f)Á|Á(ÁÊ¡
suf+x ~ f\xZsªosuv'nzspmf)u¡\{|f\q}nndxdfq7s|lmv'xxdf\nd|v7egv ~ ndpmq}s|ulm+f'«
fegv ~ c+pmf)f\{(sb<q'{|¡{|ndpmf\{baKKy<v's|adc8{(f8{{(nlw¤tq}xZsuf\{0Å
 pY© f
zlr{suf+x+f ~ © ndx1xdf\nduv'xdfxdf\nd|v7egv ~ ndpmq}s|f\nd ~ fsKy<fÁ(Á|Á 

 aq'£Zndf¶sKy<f ~ f)xf+nduv'xdfqgndx1ndxdlr£Zndf¸sKy<f ~ f)xf+nduv}suuq'x{(egf+s(s|f\nd 

 {(f\ndpm{,pmf\{,xdf+nduv'xf\{xf+nduv'egv ~ ndprqtsuf+nd{yJf+nd¤7f+xZs,uf\+f+¤7v'lmndxdf1q'
s|lmv'x ? Ê¿5f\|7lm£Zndflwxdalwdlws|ulr
f'¥P+f\
l
~ q}x{bpmf ~ f\{u{|f+lmx ~ f¸u¡ ~ ndlwuf)ª,s|uv'lr{bpwf8{b'uv'ndyJf\{ ~ fxdf\nduv'xdf8{by<vZ{|{|lwpwf8{+¥zyq'{(v7n
l ~ f)y<q}
lmeOv7xdlmf 

 pY© q'
s|lm¤Zlws|¡,|Zsuadeglm£Zndf,f\{(s¸q'{u{|nd|¡\fyq'ndx¹xdf+nduv'xf ~ fsKyJf,Áq7sul¢³Iv7nXyq'+f+eq}É7f+8«µWx§³´q}lws\¥JlwpPq¡+s|¡ ~ ¡
¿
eOv7xZs|u¡'¥8yq}P{|lwe,ndpmq}s|lmv'x0¥t£Zn0© ndxO|¡8{(f8q}n ~ f¾Axdf\nd|v7xdf\{
v7x{(s|lws|nd¡ ~ fbxdf\nd|v7xdf\{ ~ fÊsKy<fÊÁ¼´|f8{(yJf\
s|lm¤'f\eOf\xZs
Á(Á¸f
sÁ(Á|Á(½ ~ q'x{)prq1yd|v7y<v7(sulwv7x 
 
¼Æuf\{|y<f8s|lm¤'f\egf+xZs 
 
f
s 

½xdfegv7x7su|fgyq7{ ~ © q'
s|lm¤Zlws|¡¨q'nzs|v'¿5f\xZs|uf
s|f\xKndf
f+x p5© q'{|f+x+f ~ © ndxdf1{sulwe,ndprqts|lmv'xÃf
Ks|¡\|lmf+n|f =	 «If+yJf+x ~ q}xZs\¥ prq§{(s|lmeondprqtsulwv7x ~ © ndxSnxdlm£Zndfxdf\nd|v7xdf ~ f
sZyJfoÁf8{s{(n {uq}xZsufy<v7nd7¡+xd¡\|f\ndx§¡+ydlr{(v ~ f  =5«CÀW© lwxZsu|v ~ n
s|lmv'x ~ © ndx§xdf+nduv'xfyq'+f+eq}É7f+f8{s ~ v'x<
xqtsund|f\pwpmf'«
Êlwf\xo£ZndfÊpY© f
zlr{suf+x+f ~ © ndxdfbq'
s|lmv'xxdf\nduv'egv ~ ndprqts|ulr
fIq'l¢s ¡
su¡ ~ ¡\eOv7xZs|u¡+f'¥8p5© q}s(s|ulmdnzs|lmv'x ~ fIprq¶|f8{(yJv'x{uq}lwpml¢su¡
~ f§+f
s|s|f§q7s|lmv'x­q'nzA{|f+ndpr{¨xf+nduv'xdf8{ ~ fXsKyJfUÁ(Á|Áx0© q y<q'{¡+s|¡Uyduv'n¤'¡+f7«IÀ0f1sKyJf ~ f§+v'xdxf
zlwv7x{f\x7su|fXpmf\{
xdf\nd|v7xdf\{u¡
s|lr
npmq'lwuf\{x0© f\{(sÊyq7{s|v'ndsª³´q}lws
v'xxZn ¥Zf+sÊf\xlwv7pwv7'lmfndxdf
v'¿5pmvz+q'pwlr{|q}s|lmv'x ~ q'x{Êpwf¸eg»+egf¸xdf+nduv'xf
~ f8{xdf\nd|v's|q}x{|egf
s|s|f+nu{bxdf\nduv'egv ~ ndprqts|f\nd{bf
s ~ f\{xdf\nduv}s|q}x<{(egf
s|s|f\ndu{ ? b]v'n?¸pmnz¿ f+u'lr£Zndf)x0© f\{(syq'{ª
f
d+pwnduf'«À0f¨adv7l¢ ~ f¨x0© q:¤'v'lmndxdf¨q7s|lmv'x lmxdadlmdlws|ulm+f£Zndf¨{(npwf8{)xdf\nd|v7xdf\{xf+nduv'egv ~ ndprqtsuf+nd{)q1ydpmnzs|Ë's¡
s|¡
~ lrsu¡)yq}ndxX{|v'n+l ~ fyq}
lmegv'xdlmf)£Zndfyq} ~ f8{buq'lm{|v'x<{yaZz{|lwv7pwv7'lr£Zndf\{\«
À0foeOv ~ c\pwf ~ ¡+¤7f+pmv'ydyJ¡egv'xZs|uf ~ f8{pmlweglwsuq}s|lmv'x{¶lwegyJv'|suq'x7suf\{¶q}nXxdlm¤'f8q}n ~ fp5© ¡+¤'v7pwnds|lmv'x1s|f\egy<v7|f\pwpmf ~ nUyJv}¿
s|f\xZs|lmf+p egf+eouq'xq}lm|f ~ f\{¸xdf\nd|v7xdf\{¶f
s)q}n¹xdlm¤'f\q'n ~ fOpmq{|¡\£Zndf+x<
f ~ © q7s|lm¤tqtsulwv7x0«CµWx¹v7{|f+u¤:q'xZspmq®7nd|f,hf\x
 =	Pv'x¯{+© q}yJf+ 
v7l¢s£7nf,p5© ¡\¤'v7pwnzsulwv7xUsuf+egy<v7|f\pwpmf ~ n§yJv}suf+xZs|lmf+p ~ © q'
s|lmv'x ~ n¹xdf\nduv'xdf ~ fOsZyJfOÁ(Á(Á¶x0© f\{(s¸yq7{¸ydaK7¿
{|lwv7pwv7'lr£7nfWÅlmpPydu¡\{|f+xZs|f,ndxdfq'
s|lm¤:q}s|lmv'x¯q}n ~ ¡+yq'(s ~ fgpY© ¡+ydlr{|v ~ fO£Zndl xdfg{(fO¤'¡\|lw®f¶(q}eq}lr{\«<µWx¯ydpmn{\¥Ey<v7nd)£7nf
pmf¸egv ~ c\pwf¸³Æv'n|xdlr{u{(f ~ f<v7x{bu¡\{|ndp¢sqts{+¥KlmpC³´q}nzs£Zndfprq,{|¡\£Zndf\x
f ~ © q'
s|lm¤:q}s|lmv'x ~ f\{bxdf\nduv'xdf8{Ê{|v'lws ~ q}x{bp5© v' ~ |fIÅ
xdf\nd|v7xdf\{ ~ f,sZyJfoÁ¥Jydndlr{¸Á(Á|Áf
s){(f\ndpwf\egf+xZs¸q'yd|c8{pmf\{¶xdf+n|v7xdf\{ ~ fosKyJfoÁ|Á¥C+f,£Zndlf+x+v'ufndxdf,³Æv'lr{¶x0© f8{s¸yq'{
ydaKz{(lmv'pmv'7lm£Zndf7«
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À0f8{bydulwx+lwy<q}pmf\{b+q'uq7s|¡\|lr{(s|lr£7nf\{b£Zndfpwf)egv ~ c+pmf ~ v'lwsyJv'nd¤7v'lmÊuf+y|v ~ ndlmuf¸{|v'xZspwf8{{|ndlw¤tq'x7suf\{ Å
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  65À0fg|¡8{(f8q}n¹f+eo|7v'xdxq'lwufoegv7x7su|f7¥ ~ q}x{pmf\{
yd|f\eglwf\u{¨{(suq ~ f\{ ~ n ~ ¡\¤'f+pmv'yy<f\eOf\xZs\¥Êndxdf§q7s|lm¤Kl¢su¡UyJ¡+ulwv ~ lr£Zndf¹+v'egy<vZ{(¡\f ~ © ¡+ydlr{(v ~ f8{q:¤7f\1ndxdf¯{(f\ndpmf
<v7nz±J¡\fs|v7nzs|f8{Wpmf\{ ;'){+«ZºUq}lr{\¥'f+x¨£Zndf\pm£Zndf8{Padf\nd|f8{+¥7pmqyJ¡+ulmv ~ f ~ © q'sulw¤Klws|¡ ~ f+¤Klwf\xZs ~ f¸;{+¥'s|v'n}v'nd{Wq:¤'f8
ndxdf{|f+npwf¨Jv'nd±J¡\fyq'o¡\ydlm{|v ~ f'« ·¸q}x{,ndxS{|f\+v'x ~ {(suq ~ f'¥pY© q}yyq}ul¢sulwv7x ~ fp5© q'sulwv7x lwxadlwl¢su|lr
f ? b¿
1 min
durée de l’épisode
période d’activité
10 s
bouffée
  =Å 
s|lm¤Zlws|¡1uZs|adeglr£7nf ~ nÃxdf\(³¸egv}s|f\nd8«Wf+s(sufUq'sulw¤Klws|¡1
v7x{(lr{(s|ff+xApmq¯u¡+lws|¡+qtsulwv7xSyJ¡+ulwv ~ lr£Zndf ~ © nx
¡+ylm{|v ~ f ~ © q'sulw¤Klws|¡o+v'x{(s|lws|n¡ ~ © ndxdf ~ ¡8aq}u'f ~ fJv'nd±J¡\f\{ ~ fy<v's|f\x7sulwf\pm{ ~ © q7sulwv7x0«<jKnd¸
f+s(s|f®'nduf'¥pY© ¡+ydlr{|v ~ f

v7egyd|f\x ~ 
lmx£Jv'nz±C¡+f8{f
sf8{suf+yduv ~ ndlwsy<¡\|lmv ~ lm£Zndf\egf+xZsbs|v'nds|f\{pwf8{z«>;oeglmxKnzs|f8{+«
f+u'lr£7nff+xZsuuqt²rxdf¶pY© f
zlr{suf+x+f ~ © ¡\ydlm{|v ~ f\{yJv7{u{(¡ ~ q}xZsbndxxdv7eoduf ~ f¶Jv'nz±C¡+f8{bydpmn{Ê'q}x ~ q'nd'egf\x7sq}xZsÊq'n

v'nu{ ~ ngsuf+egy{\«7À f|¡8{(f8q}ngf+e,du'v'xxq}lm|fÊydu¡\{|f+xZs|fq'pwv7u{ nxdfq}n'egf+xZsuq}s|lmv'x ~ fprqyJ¡+ulwv ~ f ~ fpY© q'
s|lm¤Kl¢su¡
|Zs|aeOlr£Zndf'«¶x 
v7x{(suqtsuf£7nfOprq1yJ¡+ulwv ~ fgf\{(sq}ydy|v:zlmegq}s|lm¤'f\eOf\xZs¸¡\7q}pmfgªq'nzsuq'xZs ~ fg³Æv'lr{@;}1{)£Zn0© lmpW
q ~ fJv'nz±C¡+f8{ ~ q'x{p5© ¡+ydlr{(v ~ f  5«ºUq}lr{+¥
f+s(s|f¤tq}pmf+nd ~ f4;}X{,f\{(s³Æv7xsulwv7x ~ fprq1s|f\egy<¡\uq}s|nduf'¥ ~ f¨prq

v'x<
f+xZsuuq}s|lmv'xf+Ks|f+uxdff+xyJv}suq7{|{|lmnde1¥zf
su'«
87    ,   C      : ( 	9.  -	   : .  !      0/     	      
 	; 	N  (:  	 <;   	=50À f\{¸f+xduf+7lm{(s|uf+egf\x7s{egv'xZsu|f\x7s)£ZndfOpmqu¡+yJv'x{|foyduvt¤'vz£Znd¡\fyq}
ndxdf{(s|lmeondprqtsulwv7x ¤tq}ulwfq'n 
v7ndu{ ~ nS+K+pwf ~ © q7sulw¤Klws|¡'«À0v7u{u£Zndfpmq¹{sulwe,ndprqts|lmv'x {|ndu¤Klwf\x7sos|Ë}sOªXpmq§{(ndlws|f
~ © nx¨¡+ydlr{|v ~ f{(yJv'xZsq}xd¡7¥7
f\pwpmf
¿Â
l<yduvt¤'vz£Zndfbpwf ~ ¡\+pwf\xadf+egf\x7s ~ © nx¨¡+ydlr{|v ~ fyq}|s|lmf+pJ
v7eOyJv7{|¡ ~ © ndxdf¸{(f\ndpmf
<v7nz±J¡\f'«Wpwn<{¨prq {sulwe,ndpmq}s|lmv'x­f8{s ~ ¡\pwlm¤K|¡\fUq:¤'f81ndx°s|f\eOy<{ ~ fUprqtsuf+x+fXpwv7xd ª prq {(nl¢suf ~ © ndx­¡+ydlr{|v ~ f
{(yJv'xZsuq'xd¡'¥Jydpmn{¸pwfOxdv7eoduf ~ f,Jv'nz±C¡+f8{ ~ f,p5© ¡+ydlr{(v ~ fg{|ndlw¤tq'x7s)q}n'egf+xZs|f7« x¹¡\ydlr{(v ~ f7¥C+v'egyq'uq'dpwf,q}nz
¡+ydlr{(v ~ f8{ {(yJv'xZsuq'xd¡+egf\x7sP7¡+xd¡\|¡8{y<q} pwfbu¡\{|f\q'nou7suadeglm£Zndf7¥}f\{(s ~ ¡\+pwf\xad¡£Znq}x ~ prq¶{(s|lmeonpmq}s|lmv'xg{(ndu¤Klwf\xZs
n{sufq:¤tq}xZsÊp5© q}ydyq'|lws|lmv'x ~ fp5© ¡\ydlm{|v ~ f ~ n1u7suadegf){(yJv'xZsuq'xd¡'«
¶xOf\x ~ ¡ ~ nl¢s£Zndfp5© f
d
lwsuq'dlwpmlws|¡ ~ nu¡\{|f\q'n,f8{sWndxq}yy<v7(s ~ lm|f8sIq:¤7f\Êpwfbsuf+egy{Pf\xZs|ufpY© vz+
n|uf+x+f ~ © nx
¡+ydlr{(v ~ f,{(yJv'xZsuq'xd¡)f
s¸pwfs|f+egy{ ~ fp5© q}ydydpmlr+qtsulwv7x ~ fprq¨{(s|lmeondprqtsulwv7x0¥<+f
slmxZs|f+u¤tq}pmpwf ~ f)s|f\egy{¶+v'xZs|uË'pmf)pmf
xdv'e,d|f ~ f)Jv'nz±C¡+f8{ ~ fp5© ¡\ydlm{|v ~ f{|ndlw¤tq'x7sprqg{sulwe,ndpmq}s|lmv'x  5«
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npwpmlwxf'¥ ndxSq'x7sq}7v'xdlr{suf ~ f\{
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f+yds|f+nu{(? b¿ f+u'lr£Zndf\{\¥0f+xZsuuqt²rxdf{(z{(s|¡\egq}s|lr£Zndf+egf+xZsonxdf ~ lm{|yq}ulws|lmv'x ~ f8{oJv'nz±C¡+f8{,+v'x{(s|lws|nds|lm¤'f\{
~ f)pY© ¡+ylm{|v ~ f'¥{|f+npwf)prqg<v7nz±C¡+flmxdlws|lrq}pmff\{(s
v7x{(f\|¤7¡+f  5«JÀ qOyJ¡+ulwv ~ f ~ f)pY© q'
s|lm¤Zlws|¡)uZs|adeglr£Zndfx0© f\{(syq'{
{(lm'xdlw®<\qts|lm¤'f\egf+xZsÊegv ~ lw®¡+fªOprqg{(ndlws|f ~ npwvz+q''f ~ f)p5© q7s|lmv'x ? b¿5f\|7lm£Zndf7«Kn1xdlw¤7f\q'n+f+pmpwndprq}lmuf'¥zprq
dlm+n
npwpmlwxf{|ndydydulwegfWpmf\{yJv}s|f\xZs|lmf+pr{ lmxdadlmdlws|f+nu{ydu¡\{|f+xZsu{{(ndpwf8{ +f+pmpwndpmf\{ ~ fIsZyJfIÁ|Á(ÁEf+su¡+¤'c\pwfIpY© f
zlr{suf+x+f
~ © nxdf
v7eOyJv7{uq}xZsuf¸{|Kxq}yzsulm£Zndff+z+l¢sqtsu|lr
feq'{u£Znd¡+f¸yq}p5© lwxdalwdlws|lmv'x ~ q'x{pmf\{+v'x ~ lws|lmv'x<{bxdv'ueq}pmf\{\«
¶x ~ ¡
®xl¢s8¥yJv'ndprqg{(ndlws|fIÅ
M¿ pwf8{ ~ ¡\pmq'lm{ ~ © q7sulw¤tqtsulwv7x ~ f\{,{(Kxq'y{|f\{ ?¸pmnz¿¸f
s ? b¿ f+u'lr£7nf\{0Å ~ ¡+prq}lr{f\x7su|fpY© q'
s|lm¤:q}s|lmv'x ~ n xdf+nduv'xf
¼´£Znq}x ~ pwfy<v's|f\x7sulwf\pegf\eodq}xq'lwuf ~ ¡\yq'{u{(fpmq¹{(f\ndlwp ~ © q'
s|lm¤:q}s|lmv'xS{|Kxq}yds|lr£7nf8½)f+s,p5© q7sulw¤tqtsulwv7x ~ f\{O{|7¿
xq}y{|f\{ ~ n1xdf\nduv'xdf7«d·¶q'x{bpwf8{ ~ f\nz+q7{+¥zlmpr{{(v7xZsbx¡+'pmlm'f\q'dpmf\{\«
­¿ pwf ~ ¡+prq}l ~ © q7s|lm¤tqtsulwv7x ~ fprqO{|Kxq}y<{(f¸f
d
lwsuq}s|ulm+f¶f\xZs|uf¶pmf\{bxdf\nduv'xdf8{ ~ fsKyJf¸Á|Á(ÁÊf
spmf\{bxdf\nd|v7xdf\{ ~ f¸sKy<f
Áf+sÁ(ÁCÅ ~ ¡\pmq'l0f+xZs|ufpY© q'
s|lm¤tqts|lmv'x ~ n1xdf\nduv'xdf ~ fsKyJf)Á(Á(Ábf+spY© q'
s|lm¤:q}s|lmv'x ~ f8{{(Kxq'y{(f8{bf
d
lwsuq}s|ulm+f\{b¤7f+{
pwf8{xdf+nduv'xf\{ ~ fgsKy<fgÁ¸f
s)Á(Á«    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À0f8{b+q}q'
s|¡\|lr{sulm£Zndf8{ ~ nu¡\{|f\q'nf+e,du'v'xxq}lm|f¸
v7x ~ ndlr{(f\xZsbª ~ f8{
v'x ~ l¢sulwv7x{ÊlwegyJ¡+qtsulw¤7f\{b{(npwf8{ÊsZyJf\{ ~ f

v7xdxdf8s|lmv'x<{P£7nlzf
zlm{(s|f\xZs f\xZs|ufÊpmf\{ ~ l¢±C¡+uf+xZs|f8{Pxdf\nd|v7xdf\{\«'f\{P+v'x ~ lws|lmv'x<{ ~ v'lm¤'f\x7sP»+s|ufÊf\x,f+±Jf+sI{|q}s|lr{³´q'l¢suf\{ yJv'nd
£Zn0© ndx1eOv ~ c\pwf){|v'lwsf+x1q'\
v' ~ q:¤7f\¸pmf\{begf\{|nduf\{bu¡\q}pmlr{(¡\f\{b{(npwfu¡\{|f\q}n «
' -*   
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'$+*' &$ " 
À0f8{ÊeO¡8+q'xdlm{|egf\{bydu¡\{|l ~ q}xZsªoprqO'f+xc\{|f ~ f8{b|Zsuadegf\{b¡
sq}lmf+xZsf+x+v'uf¶eq'p0
v'xxZn<{+¥Kf
slmp0x0© q:¤tq}lwsÊyq7{bf+x+v'uf
ydnX»+s|uf)¡
suq'dpml {(l
f8{|Zsuadeglm+l¢su¡\{u¡\{|ndpwsuq}lmf+xZs ~ f8{{|f+ndpmf\{y|v7yd|lm¡
su¡\{blmxZs|ulwx{|c\£Zndf8{ ~ fo+f+|suq'lwx{bxf+nduv'xdf8{+¥v'nX{(l
f+pmpmf\{)
v7x{(s|lws|nq'lwf\x7sndxdfgyduv'y|lm¡
su¡,¡\eOf\|7f\q'x7s ~ © ndx¯|¡8{(f8q}n ~ n§su|v7xg
¡+u¡+uq'pY«EjKegl¢sua f
sq}pmpY«  	Wv7xZs{|nd'7¡+u¡
£Zn0© ndxdfoq7s|lm¤Kl¢su¡ ~ f)sKyJfoyq7
f\egq'É'f\y<v7nd|q}lws»
su|fo|f8{(yJv'x{uq}pwf ~ fo+f\{v7{u
lmpwprqtsulwv7x{+¥egq'lm{q}n+ndxdff+KyJ¡+ulmf+x+f
ydaKz{(lmv'pmv'7lm£Zndfox0© q¡
su¡O\q}yq'dpwf ~ foegf+s(s|ufOf+x§¡\¤Kl ~ f\x
f,ndxdf,s|f\pwpmfOq7sulw¤Klws|¡'«JPq}¸v'ydyJv7{|lws|lmv'x0¥ ~ © q}nzsu|f8{¶q'nzs|f\ndu{
v'xZs¨yduv'yJv7{|¡ ~ fU
v7x{(l ~ ¡\|f\g+f\{uZs|adegf8{
v'egegfXpmfX|¡8{(ndpwsuq}s ~ © lmxZs|f\uq7s|lmv'x<{glwxdalwdlws|ulr
f\{¨|¡8
lmyd|vz£Zndf8{,f\xZs|uf
~ lw±J¡\|f\xZsu{ÊsKy<f8{ ~ f)xdf\nduv'xdf8{¸¼Y}© f\{(s(¿Âªt¿ ~ lm|f¸ndxdfq7s|lm¤Kl¢su¡ ~ f)|¡8{(f8q}n<½
  «
·¸q}x{¶
foy<q}q}'q}yadf'¥dv7x ~ ¡+egv7x7su|f\uq£7n © lmpf8{s¸lwegyJv7{u{(lmdpmf ~ © v'zsuf+xdlm¸ndxdf,q7sulw¤Klws|¡ ~ fou¡\{|f\q}nU{|lpwf,|¡8{(f8q}n
f\{(s)ndxdlr£Zndf+egf+xZso+v'egy<vZ{(¡ ~ fxdf\nduv'xdf8{¶y<q'{u{(lw³´{+« ¶x¯uq'ydyJf+pmpwfglr
lI£Zn0© ndxdfq'
s|lm¤Kl¢su¡ ~ fOu¡\{|f\q'n¹qndxdfy|v7yd|lm¡
su¡
s|uc\{yq}|s|lr
ndpmlmc+ufg£ZndlÊ{(f\uqnzsulwpmlr{(¡\f¨yq})prqU{|ndlws|fWÅ {|lIv7x¯³´q}lwsndxdf+v'ndydn|f ~ q'x{)pmf|¡8{(f8q}n f
so£Zn0© v'x lmxZs|uv ~ ndlws
p5© q7s|lm¤Kl¢su¡qts|s|f\x ~ ndfª+f
sWf\x ~ uv'lws\¥'v7x ~ f+¤Kq}lwsW|f+s|uv'nd¤7f+Pª)aq'£Zndff\x ~ uv'lws ~ nu¡\{|f\q}nOp5© q7s|lm¤Kl¢su¡v'<{(f\|¤7¡+fq:¤tq}xZs
prq
v7ndydnduf'«t¶x ~ ¡+egv7x7su|f\uq ~ © q'<v7 ~ £ZndfIpmq'f+xc\{|f ~ f\{¡+ylm{|v ~ f\{ f\{(slmx ~ ¡+yJf+x ~ q}xZs|f ~ © ndx¡+ylm{|v ~ fªp5© q}nzsu|f7¥8+f\
l
f+x
v'x<{(l ~ ¡+q}xZsIpmf\{ ~ Kxq'eOlr£Zndf\{ ~ fs|v'n<{Ipmf\{xdf+n|v's|q}x{|egf
s(suf+nd{Pf+sÊpmfuf
sq} ~~ © q7sulw¤tqtsulwv7x¨f+xZsu|f¶pwf8{Ixdf\nduv'xdf8{
~ f)sKyJfoÁ|Á(Ábf
s¸pwf8{xdf\nd|v7xdf\{ ~ f)sKy<foÁÊf+s¶Á|Á«<·¸q}x{pmq¨{|ndlws|f7¥v'xXegv7x7su|f\uq£Zn0© ndxXu¡\{|f\q'n ~ fxdf+n|v7xdf\{y<q'{u{(lw³´{+¥
ªprq{|ndlws|f ~ © ndxf,
v7ndydnduff+s ~ f,pY© lwxZsu|v ~ n
s|lmv'xUª
f
s¸f+x ~ |v7l¢s ~ fop5© q7s|lm¤Kl¢su¡v'<{(f\|¤7¡+f'¥yd|v ~ nl¢s8¥Jq'nUxdlm¤'f\q'n ~ f\{
xdf\nd|v7xdf\{ ~ fsZyJf¸Á¥Znxdf¸q7sulw¤Klws|¡¶£ZndlCx0© f\{(sbydpwn<{yaZz{|lwv7pwv7'lr£Zndf'«z¶x ~ ¡+egv7x7su|f\uqoq}lmx{(lC£Zndf¸pY© q'
s|lm¤Zlws|¡¶v'{|f+u¤'¡\f
q}nxdlm¤'f8q}n ~ nX{(lmegydpwf)uadv7eoJv'egc+uf¶xf¸yJf+ndsyq'{b»+s|ufndxdfq'
s|lm¤Kl¢su¡ ~ f)|¡8{(f8q}n0«
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Kg 3& Y\Í #	K 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  #	  Ï #m   3  ´8Í # 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Ï
 v'ndÊ³´q'lwuf¶vZ{|+lwpmpmf+bndx1|¡8{(f8q}n ~ f¸xf+nduv'xdf8{bq:¤'f\¶ndxdfyJ¡+ulwv ~ f¸su|c8{bpwv7xd'ndfg¼;',{|f\+v'x ~ f\{Êy<v7ndpmf\{byduf+eglmf+{
{(suq ~ f\{ ~ n ~ ¡+¤'f\pwv7ydyJf+egf+xZs½lwp³´q}nzslwxZs|uv ~ ndlm|fU£Zndf\pm£ZndfXy<q}|s ~ q}x<{pwf§|¡8{(f8q}n°ndx°s|uc\{¨'q}x ~ uf
suq' ~ vAnx

v7ndydprq}7f¸q7s|lm¤tqtsuf+nd|¿5lmxdadlmdlws|f\ndbs|uc\{bpmf+xZs Å
 f¸uf
sq} ~~ f+¤Kuq'l¢s»+s|ufyd|¡8{(f\xZsbf\xZs|uf ~ f+nzxdf+n|v7xdf\{ ~ lmuf\suf+egf+xZslmxZs|f+
v7xdxdf8s|¡8{+¥d\q}v7xxdf)yJf+ndsyq'{
q:¤'v'lm¸ndxdf¨{|n++f\{u{(lmv'x ~ fgxdf+nduv'xf\{)£ZndlW{\© q7s|lm¤'f\xZspmf\{nx{q}y|c8{¶pmf\{)q'nzs|uf\{\«EµWx f
±Cf
s8¥ ~ q'x{)
f ~ f\|xdlmf+
+q'{\¥KpY© q'
s|lm¤Kl¢su¡ ~ fa<q'£Zndf¸xdf+nduv'xf¸{|f+q}lws ~ l¢±C¡+uf+xZs|f¸suv'nzsq}npmv'xd ~ fpmqgaqt²rxf'¥z{(lws|n<qts|lmv'x1
v7xZs|q}lm|f¸q}nz
eOf8{(n|f8{WydaKz{(lmv'pmv'7lm£Zndf8{ vsuv'n{pmf\{xdf+nduv'xf\{I{\© q'sulw¤7f+xZs ~ f³´q +v'x¨{|Zx<ad|v7xdf'«Z·f¶ydpmn{+¥Zndx¨uf
sq} ~~ © q'¿
s|lm¤:q}s|lmv'xg{(Kxq'yzs|lr£Zndf ~ fp5© v7 ~ uf ~ fbpmqeglmxZnds|fbf+xZs|uf ~ f+nd,xdf\nd|v7xdf\{x0© q)q}n<
ndx,³Æv'x ~ f+egf+xZsWydaKz{(lmv'pmv'7lm£Zndf7«
 À0f\{bxf+nduv}suuq'x{(egf+s(s|f\nd{xf{|v'xZsyq7{+q'yq}dpmf\{ ~ © f
zydpmlr£7nf+ndxdf)yJ¡+ulmv ~ f ~ © q7sulw¤tqtsulwv7xq'n{u{(lEpmv'xd7ndf ~ f\{
xdf+nduv'xf\{\«7¶xg{uq}lwsI£Zndfpmf\{Pxf+nduv}suuq'x{(egf+s(s|f\nd{ ? b¿ f+s ?¸pmnz¿5f\|7lm£Zndfbv7x7sndxdf ~ Kxq'eOlr£Zndflmxdadlmdl¢su|lr
f
f
sIf+z+l¢sqtsu|lr
fsu|c8{Wq}ydl ~ f£ZndlC{\© ¡\ydndlr{(ff\xndx ~ lwzlwc\egf ~ f¸{(f8
v'x ~ f'«'Àqo+v'x{(suq'x7suf ~ fsuf+egy{ydpmn{Wpmv'xd7ndf'¥
pwlm¡+f)ªOndxdfpmf+xZs|fq7s|lmv'xxdf+n|v7eOv ~ npmq}s|ulm+f'¥Kf
d
lwsuq}s|ulm+f ~ © q'<v7 ~ f
slmxdadlmdlws|ulm+f¸y<q}prqO{|ndlws|f7¥zf\{(s\q}yq'dpmf
~ © q7sulw¤7f+pmf\{xf+nduv'xdf8{ ~ q'x{prq¨{(f8
v7x ~ f'¥egq'lm{f\{(slwx<+q}y<q}dpmf ~ fpmf)³´q}lmufo{(nndxXadv7|lm¦+v7xsuf+egyJv'uf+p ypwn{
pwv7xd«z·¶v'x'¥dpwf8{xdf\nd|v's|q}x{|egf
s|s|f+nu{Ê{(Kxq'yzs|lr£Zndf\{bxf{(v7x7syq7{bf+x1egf\{|nduf ~ f)yd|v ~ nlwuf¶y<q}f+ndZ¿ eg»+egf\{
ndx¡\ydlm{|v ~ f ~ q}x{Êpmf¶u¡\{|f\q'n0¥'lmpm{Êxdf¸yJf+nd¤7f+xZsb£Zn0© gs|q}x<{(egf
s|s|ufndxf¶lmxz³Æv'ueqtsulwv7x¨f
zlr{sq}xZsÊy|¡8q}prq}dpmf+egf+xZs8«
lmx{|lY¥lwp0x © 1qOyq'{ ~ foeO¡8+q'xdlm{|egf\{{|Kxq}yzsulm£Zndf8{
v7xdxKn{by<f\|egf+s(suq'xZs ~ f)y<vZ{sundpmf+£Zndf)prqO'f+xc\{|f ~ f\{¡\ydlm{|v ~ f\{
~ ¡\y<f\x ~1~ f)pY© ¡+ylm{|v ~ fyd|¡8
¡ ~ f+xZs\«
 &R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 dÑ}Ï!  M ´Ï\ #  tZ  d
¶x+v'x{|l ~ c+ufeq}lmxZs|f\xq}xZsnxu¡\{|f\q'n ~ fxdf+n|v7xdf\{yq'{u{|l¢³´{Ê£ZndlEydu¡\{|f+xZs|f¶ndxdf)q'
s|lm¤Zlws|¡¸ydaKz{(lmv'pmv'7lm£Zndf7«ZjKlEv7x
³´q}lws,nxdf+v'ndydn|f ~ q}x{opwf|¡8{(f8q}n0¥q}n xlw¤7f\q}n ~ f\{,xdf+nduv'xf\{ ~ fsKy<fÁ(Á)f+s,Á(Á|Á¥ f
sO{|lÊv'x lmxZs|uv ~ ndl¢sOpY© q'
s|lm¤Kl¢su¡
qts|s|f\x ~ ndfoª+f\{f\x ~ uv'lwsu{\¥zpwfo|¡8{(f8q}n|f\yd|v ~ nl¢sq'nxlw¤7f\q}n ~ f8{xdf\nd|v7xdf\{ ~ f)sKy<f)Ábndxdfq7sulw¤Klws|¡£Zndl x © f8{sypwn{
ydaKz{(lmv'pmv'7lm£Zndf7¥z³«z®<«0¼5'½«
GABA GABA GABA
Threshold
Activation
Threshold
Threshold
Activation
Activation
III
II
neuron of type
neuron of type
neuron of type
I
Cexc Cexc
Cexc Cexc
c
b
a
 PzÅA
s|lm¤Zlws|¡ ~ n u¡\{|f\q'n ~ fgxdf+n|v7xdf\{¸v'ds|f+xKndfgpmv'{|£Zndf,v'x¹³´q}lws)ndxdf
v7ndydnduf ~ q}x{¸pmfg|¡8{(f8q}n0¥Eq}n¹xdlm¤'f\q'n
~ f8{xdf+n|v7xdf\{ ~ fsKyJf)Á(Á¼´q7½Êf+sÁ(Á|Á¼´<½¥f
s¶£Zn0© v'xlwxZsu|v ~ ndlwsp5© q7s|lm¤Kl¢su¡qts|s|f+x ~ ndfªg
f8{f+x ~ |v7l¢s{+« xu¡\{|f\q'n ~ f
xdf\nd|v7xdf\{yq7{|{|l¢³´{uf+yduv ~ ndlwsÊq}nxdlm¤'f\q'n ~ f8{xf+nduv'xdf8{ ~ fsKy<fÁPndxfq7sulw¤Klws|¡¶£ZndlCx0© f\{(sbydpwn<{yaZz{|lwv7pwv7'lr£Zndfo¼´8½«
n ~ ¡+y<q}|s ~ faq'£Zndf)¡\ydlr{(v ~ f7¥dpwf8{xdf\nd|v7xdf\{ ~ fsZyJfÁ|Á(Á{(v7xZsbaKKyJf+uy<v7pmq'|lr{(¡8{bf
sxdf)yJf+n¤'f+xZsy<q'{
q'sulw¤7f+pmf\{oxdf+n|v7xdf\{ ~ fsKy<fÁ¥
³« ®<«¼ :<½
«Indlm{u£Zndfpmf\{oxdf+n|v7xdf\{ ~ f¨sKy<fÁ(Á)v7x7s,y<v7nd,+lwdpmf
{(yJ¡\+l¢®<£ZndfOpmf\{¸xdf+n|v7xdf\{ ~ f,sKy<fgÁ(Á|Á¥0³«C®<«P¼5tqZ½¥Epmf\{¸xdf\nd|v7xdf\{ ~ fOsKy<fOÁ(Á¶xdfgy<f\nd¤'f\xZs¸yq7{¸xdv'x
ydpwn<{¶q7s|lm¤'f\pmf\{¶xdf+nduv'xf\{ ~ fsKy<f,Áq}n ~ ¡\yq}|s ~ f,aq7£7nf¡+ydlr{|v ~ f«C·f,ydpwn<{+¥C
v7eOegf,|f\egq'u£Znd¡
yd|¡8
¡ ~ f+egegf+xZs\¥<pwf8{xf+nduv}suuq'x{(egf+s(s|f\nd{xdfg{(v7x7s¶yq'{¸+q'yq}dpmf\{ ~ © q'sulw¤7f+pmf\{ ~ lw±J¡\|f\xZsu{¶xdf+nduv'xf\{
~ © nx¡+ydlr{|v ~ fªp5© q}nzsu|f¶«8·¶v'x'¥8q'n ~ ¡\yq}|s ~ fÊaq'£Zndf¡+ydlr{|v ~ f'¥8pY© q'
s|lm¤:q}s|lmv'x{|Kxaduv'xdf ~ f\{xdf+nduv'xf\{
~ f¸sZyJf)ÁÊf
sÁ(ÁÊx0© f\{(syq'{byJv7{u{(lmdpmf'¥d+f£7nlEf\{(s
v'xZsuuq'lwuf¸ªOprqOydaKK{|lmv'pmv''lmf'¥z
³«z®«0¼ t8½«
¶xSf\x ~ ¡ ~ ndlws£Zndf ~ q'x{onxSu¡\{|f\q}n ~ fxdf\nduv'xdf8{oyq7{|{|lw³´{+¥ {(lbv7xSuf+egydprq'
fndxSxf+nduv'xdfyq}g{|v'xSq7s|lm¤Kl¢su¡'¥ pmf
u¡\{|f\q}nÃx0© f\{(s¨ydpwn<{+q}y<q}dpmf ~ f1yd|v ~ nlwuf1ndxdfUq'
s|lm¤Kl¢su¡yaZz{|lwv7pwv7'lr£Zndf'« lmx{|lpY© q'
s|lm¤Kl¢su¡yJ¡+ulmv ~ lm£ZndfXx0© f\{(syq'{
ndxdfOyduv'ydulm¡
s|¡ ~ n¹|¡8{(f8q}nUf+s¸xdfgyJf+nzs ~ v7xOq}ydyq'uqt²msu|f,£7nf,7uÄ7
f,ª ~ f\{¸yduv'y|lm¡
su¡\{¶yq}|s|lr
ndpmlmc+uf\{ ~ f
f+|suq'lwx<{
xdf\nd|v7xdf\{£Zndl ~ v'lm¤'f+xZs»
su|f)q'nzs|v7|Zs|aeOlr£Zndf\{\«
¤'f\pmf\{ ~ v7xdxd¡\f\{gydaKz{(lmv'pmv'7lm£Zndf8{Of+xduf+7lm{(s|u¡+f8{+¥Pq}n<
ndxA|¡8{(f8q}n ~ f1xdf+n|v7xdf\{gyq7{|{|lw³´{gx0© ¡+suq'x7s\q}yq'dpmf ~ f
uf+yduv ~ ndlm|fndxdfs|f+pmpmf1q7sulw¤Klws|¡|Zs|aeOlr£Zndf'¥ v7x ~ v7l¢s ~ v7x¨³´q'lwufp5© aZKyJv}suadc\{|f£Zn0© ndxAxdf+n|v7xdfq'nzs|v7|Zs|aeOlr£Zndf'¥
+q'yq}pwf ~ f ~ ¡+eq'|uf+f
s ~ f){(v7nzs|f\xdlmÊp5© q'sulw¤Klws|¡ ~ n|¡8{(f8q}n0¥ ~ v7l¢sq}yyq}q:²rs|uf¶q'nh}¿ c+egfv'nd ~ n ~ ¡\¤'f+pmv'yy<f\eOf\xZs
~ n1u¡\{|f\q}nf+e,d|7v'xdx<q}lm|f7«
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     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 v'nd¶v'zsuf+xdlmnxdf,q7s|lm¤Kl¢su¡,q'nzs|v'¿5f\x7su|f+s|f\xZnf ~ q}x<{pmfou¡\{|f\q}n ¥v'xUq¤KnUydu¡\
¡ ~ f+egegf+xZs¶£Zn0© lmpf8{s¸xd¡\+f\{u{|q'lwuf
~ © lwxZsu|v ~ ndlmufondx¹xdf+nduv'xfoq}nzsuv'uZs|adeglr£7nf'¥C}© f\{(s(¿Âªt¿ ~ lwufndx§xdf+nduv'xf,£Zndl q¨ndxdfgq'
s|lm¤Kl¢su¡oyduv'yduff+s¸ndx¹|Zsuadegf
f+x ~ v'7c+xdf7«
ÁÂp'uf\{(s|f ~ v'xPeq'lwxZs|f\xq}xZs ª ~ ¡
s|f\|eglmxdf+8¥+pmf\{u£Zndf+pr{\¥
f+xZs|ufWpmf\{ xdf+nduv'xf\{ ~ fWsZyJfWÁ¥\Á(ÁEf
sÁ(Á(Á ~ v'lm¤'f+xZs0»+s|uf
~ f8{Ixdf\nduv'xdf8{q'nzs|v7|Zs|aeOlr£Zndf\{\«Zv7ndb
f³´q'lwuf'¥ ~ © ndxdf¸yq'(s8¥7v7x¨¤tq,{\© q'ydydnd7f+Ê{(nd ~ f8{ ~ v7xdxd¡\f\{Êf
zyJ¡+ulwegf+xZsq}pmf\{\¥
f
s ~ © q}nzsu|f8{yq}|s\¥Jª¨yq'(sulw ~ © nxUegv ~ c+pmfegvt'f+xxd¡o
v7egy<vZ{(¡ ~ fo£Znqtsu|fxf+nduv'xdf8{+¥<³«<®«¼;'½
¥<v7xX¤tq¨adf+adf\
pmf\{
v7x ~ lws|lmv'x{£Zndl y<f\|egf
s|s|f\x7sq'nu¡\{|f\q'negv ~ ¡\pwlr{(¡ ~ © q:¤'v7lwbndxX+v'egy<v7(suf+egf+xZsydaKz{(lmv'pmv'7lm£Zndf7«
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À0f8{xdf+nduv'xf\{ ~ fÊsKy<fbÁ(Á|Á xdfbyJf+nd¤7f+xZsPyq'{»+s|ufpmf\{P{|f+ndpr{xdf+n|v7xdf\{ q}nds|v'uZs|adeglr£Zndf\{ydndlr{u£7nfÊpmf+n q7sulw¤tqtsulwv7x
ª,pY© lwxZsu¡+ulwf\nd ~ fpY© ¡+ydlr{|v ~ f  {|ndlwsbs|v'n}v'nd{ÊndxdfaKZyJf+uyJv'prq}ulm{uqtsulwv7xyd|¡8q}prq}dpmf¶£ZndlExf¸yJf+ndsby<q'{Ê»
su|f¸lwx ~ ndlws|fyq}
ndxdfgq'
s|lmv'x¹lwxdalwdlws|ulr
f ~ ¡\+pwf\xad¡+fgª¨p5© ¡+ydlr{(v ~ f  +q'¶p5© f+zlm{(s|f\x
f ~ © ndx§su|c8{7uq'x ~ uf
sq} ~U~ q}x<{¶pmfO|¡8{(f8q}n
x0© f\{(s¶yq7{ydaKz{|lwv7pwv7'lr£7nf'«·¶foydpmn{\¥ndxf,q'
s|lm¤Kl¢su¡,q}nds|v'uZs|adeglr£Zndf£Zndl+v'x{|lr{suf+q}lwsf+xUndxf,q'
s|lm¤tqts|lmv'xXypmq7
¡+f,ª
prqO{|ndlws|f ~ © ndxdfq'nzs|v'¿5lmxdadlmdlws|lmv'xx0© f\{(syq'{bydaKz{|lwv7pwv7'lr£7nf'«
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pwfxf+nduv'xdf ~ f)sKy<fÁ ~ q'x{pmfegv ~ c+pmf¡
sq}lwspmfo{(f\ndp xf+nduv'xdfq'nzs|v7|Zsuadeglm£Zndfsq}x ~ lr{£Zndf)pmfxdf\nduv'xdf ~ f
sKy<fÁ(ÁW{|f+q}lwsWyq'{u{(lw³¥'pmfu¡\{|f\q'nOy|v ~ ndlmq}lwsWndxdfq7s|lm¤tqtsulwv7x ~ n¨xdf\nd|v7xdf ~ fsKyJfÁ(Á|ÁWq}n ~ ¡\yq}|s ~ fpY© ¡+ydlr{|v ~ f'«'µIx
f
±Cf
s8¥'pmf\{Ixdf+nduv'xf\{ ~ fsKyJfÁ(Á|Á |f8
f+¤Kq}lmf+xZsPndxdff+d
lwsuqtsulwv7xgyq}Wprq)
v7xdxdf+Klmv'x ?¸pmnz¿ f+u'lr£7nf ~ nxdf+n|v7xdf ~ fbsKy<f
Á¤'f\u{pwf8{xf+nduv'xdf8{ ~ fosKy<f,Á(Á(Áf
s¶nxdfolmxdadlmdlws|lmv'x§y<q}prq+v'xdxf
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~ fsKyJf¨Á(Á|Áf+xZs|q:²ÇxdfgpY© q'
s|lm¤tqts|lmv'x ~ f\{)xdf\nduv'xdf8{ ~ fsKy<fÁ¸f+sÁ(Á¥f+x 
v7xZs|q ~ lrsulwv7x¯q:¤7f\Opwf8{
~ v7xdxd¡+f8{bf
zyJ¡+ulwegf+xZsq}pmf\{\«
¶xMf+x 
v'x<
pmnzsU£7nf¹p5© q7sulw¤Klws|¡ xdf+n|v7eOv ~ npmq}s|ulm+f ~ v7l¢sX»+s|uf ~ ¡8
pmf+xa¡+f q}n ~ ¡+eq}uq}'f ~ f
aq7£7nf¸¡\ydlr{(v ~ fyq'pwf)xdf\nduv'xdf ~ fsKy<f)Áf
sB:v'nÁ(Á«
ºUq'lm{\¥Cydndlr{|£ZndfOpwfgxdf\nduv'xdf ~ fOsZyJfOÁ(ÁxfOyJf+ndsy<q'{{(fOyduv}f+s|f+{|ndpwfOxdf+n|v7xdf ~ fosKyJfOÁ¥ClmpPxdfO|f8{sufO£Zndfgpmf
xdf\nd|v7xdf ~ fsKyJfÁ £7nlydndlr{u{(fq'ydy<v7(suf+Iªpmndlw¿5eg»\eOff
sq'nOxf+nduv'xdf ~ fsKy<fÁ|ÁP
f
s|s|fq7sulwv7xOxf+nduv'egv ~ ndprqtsu|lr
f7«
À qg{|¡\£Zndf\x
f ~ © q'
s|lm¤:q}s|lmv'x ~ f+¤Klmf+xZs ~ v'x<PÅdq'
s|lm¤:q}s|lmv'x1{(Kxa|v7xdf ~ f8{xdf\nd|v7xdf\{ ~ f¸sKyJf)ÁIf
sÁ|Áyndlm{q7sulw¤tqtsulwv7x
~ f8{bxdf+nduv'xf\{ ~ fsKyJf¸Á|Á(Á¥J³«z®<«0¼\hZ½¥d+v'egegf)
f+prqOf\{(sf
zyJ¡+ulwegf+xZsq}pmf+egf+xZsv'{|f+u¤'¡7«
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Wpmn{|lwf\ndu{Êf+KyJ¡+ulmf+x+f\{ydaKK{|lmv'pmv''lr£Zndf\{Iegf
s(suf+xZsf+x¡+¤Kl ~ f+x+f¶prq,yd|¡8{(f\x
f ~ © ndx+v'xdxf
zlwv7x¨f
d+l¢sqts|ulr
f*?¸pwnz¿
f+u'lr£Zndf ~ nSxdf+nduv'xf ~ fsZyJfÁ)¤7f+{pmf\{,xdf+n|v7xdf\{ ~ f¨sKyJfÁ|Á(Á« ·fydpmn{+¥pmf\{,xdf+nduv'xf\{ ~ f¨sKy<fÁ(Á|Á ~ v'lm¤'f\xZs
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ba mV
t(s)
mV
t(s)t(s)
t(s)
mV
mV
* * * * * *
0 40 80 120 160 200 240 280 320 360 400
-60.00
-54.29
-48.57
-42.86
-37.14
-31.43
-25.71
-20.00
+
0 40 80 120 160 200 240 280 320 360 400
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 \ÅM
s|lm¤Zlws|¡ ~ n u¡\{|f\q}n ~ f¨xdf+n|v7xdf\{ ~ f¨prqX®<«¼;}<½¥pmv'{|£Zndfpmf\{,xdf+n|v7xdf\{ ~ f¨sKy<fÁ)f
s,Á|Á{(v7xZs ~ f\{
xdf\nd|v7xdf\{bq'nzs|v7|Zs|aeOlr£Zndf\{f
s£Zndfp5© q7s|lmv'xxdf+n|v7eOv ~ npmq}s|ulm+ff\{(spwlmegl¢su¡+f)q}nd¨xdf+nduv'xf\{ ~ f¸sZyJfÁ(Á|Á¥zeOf8{(n|¡\f
{|ndpmfUyJv}s|f\xZs|lmf+pegf\eodq}xq'lwuf ~ f8{¨xdf\nd|v7xdf\{ ~ fXsKy<f¹ÁX¼Æf+x aq}nzs½gf
s ~ fXsKyJfUÁ(Á|ÁU¼Æf+x q'{½«Êq7½{|l¢sunqtsulwv7x
lmxdl¢sulmq'pwf7¥Zq:¤7f\+v'egyJv'|s|f+egf\x7sÊ|Zsuadeglm£Zndf¶xqtsund|f\pY«Z<½WÁÂxndf\x
f ~ f\{Ê{(s|lmeondprqtsulwv7x{q:¤7f\bndxf¶yJ¡+ulwv ~ f ~ f ;''{{(nd
pmf\{xf+nduv'xdf8{ ~ f)sKyJfÁbf
sÁ|Á{(nd¶pwfoxdv'e,d|f ~ f<v7nz±C¡+f\{yq}¡+ydlr{(v ~ f)f+s¸{|ndp5© q7sulw¤Klws|¡uZs|adeglr£7nf ~ nXu¡\{|f\q}n «
À0f8{{sulwe,ndprqts|lmv'x<{Ê{|v'xZsblwx ~ lm£Znd¡\f\{byq' ~ f\{Ê¡+s|v'lmpmf\{\«dÀ0f\{{(s|lmeonpmq}s|lmv'x{Êq}ydl ~ f\{Êxdf){|v'xZsyq'{bªOeg»+egf ~ © f+egy<»8adf+
p5© q'ydyq}ulws|lmv'x ~ © nx¡\ydlr{(v ~ f ~ © q'
s|lm¤Zlws|¡)+v'egy<vZ{(¡ ~ f)ypwn{|lmf+nd{b<v7nz±C¡+f\{\«
mV
time (s)
neuron type III
hyperpolarisation
2nd Burst 3rd Burst  4th Burst
1st Burst
depolarisation
neuron type I and II
neuron type III
depolarisation
threshold
activation
neuronal
13.0 15.6 18.2 20.8 23.4 26.0
−80.0
−56.7
−41.1
−25.6
−10.0
0 7.8 10.42.6 5.2
−68.4
  +h<Åv'egyq'uq'lm{|v'xf\x7su|f¶pwf¶y<v's|f\x7sulwf\p ~ f\{xdf+n|v7xdf\{ ~ f¶sZyJfÁ¥KÁ|ÁWf
sbÁ(Á|ÁI£Znq}x ~ pwf8{xf+nduv'xdf8{ ~ f¶sKy<f¸ÁPf
s
Á(ÁW{|v'xZsq'nzs|v7|Zsuadeglm£Zndf8{Pf
sb£7nfpwf¶xdf+n|v7xdf ~ fsKyJfÁPq}yy<v7(sufndxdf¸q'sulwv7xgxdf+nduv'egv ~ ndprqtsu|lr
f¶ªs|v7nzsIpmfu¡\{|f\q}n «
Wndlr{u£7nfpY© q'
s|lmv'x xdf+n|v7eOv ~ npmq}s|ulm+f,f+Klr{(s|f ~ c8{)pwf ~ ¡+eq}uuq''f ~ fp5© ¡\ydlm{|v ~ f'¥ pwfegv ~ c+pmfyduv ~ ndlwsndxdf¨q'
s|lm¤Kl¢su¡
yJ¡+ulwv ~ lr£Zndf¨ydaKz{(lmv'pmv'7lm£ZndfIÅ0q'sulw¤tq}s|lmv'x {|Zx<ad|v7xdf ~ f8{xdf\nd|v7xdf\{ ~ fsKy<fÁf
soÁ|Á¥ydnlm{oaZKyJf+uy<v7pmq'|lr{uqts|lmv'x¯f
s
q'
s|lm¤tqts|lmv'x ~ f8{bxdf+nduv'xf\{ ~ fsKyJf¸Á|Á(Á£Zndl ~ ¡8
pmf+xadf\xZsª,pmf+nbs|v'npmqOJv'nz±C¡+f{|ndlm¤:q'xZs|f'«
RERTSU:VWXY
}  K       	 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q:¤'v7lwbndxf
v'xxdf
zlmv'xf
d
lwsuq}s|ulm+f¸¤7f+{Êpwf)xdf\nduv'xdf ~ fsKyJf)ÁyJv'ndyJv'n¤'v'lmpmndlEs|q}x<{(egf
s|s|uf ~ f\{lmxz³Æv7|eqtsulwv7x{\«
µWx f+±Jf+s\¥ yJv'ndOq:¤'v'lmndxS¡+ydlr{(v ~ f7¥ prqUJv'nz±C¡+f+¿5uf+Jv'x ~ ~ f\{oxdf+nduv'xf\{ ~ f¨sKy<fÁ(Á|Á ~ v'lws ~ ¡8
pmf+xaf+oprqXJv'nz±C¡+f
~ f8{xdf\nd|v7xdf\{ ~ f)sKy<foÁÊf+sÁ(Áq'yd|c8{ndx ~ ¡\pmq'lY¥J³«®«¼+hK½«Ef\{ ~ f\nzX
v'xxdf
zlmv'x{{|v'xZsªp5© v'ulw7lwxdf ~ © ndxU+z
pmf
f
d+l¢sqts|v7lwuf'¥z£Zndl5¥df+x1ydaKz{|lwv7pwv7'lmf'¥Zx0© f\xZs|q:²Çxdfyq'{ ~ © v7{u
lmpmpmq}s|lmv'x{Êsu|c8{buq'ydl ~ f\{ ~ q}x<{pwfu¡\{|f\q'nf+e,du'v'xxq}lm|f7«
À q¶ydu¡\{|f+x+f ~ © ndxfÊyJ¡+ulmv ~ fu¡
³Æq'
suq}lmuf ~ © q'
s|lm¤:q}s|lmv'x ~ f\{xdf\nduv'xdf8{ ~ q}x{pmfÊu¡\{|f\q'nof\eodu'v7xdxq}lmufWf\{(sW{(nd7'¡+¿
u¡+fyq}prq
v7egydpwc+s|f)lmx{|f+x{|lwlwpml¢su¡ ~ n1|¡8{(f8q}n1q}nz{sulwe,ndpmq}s|lmv'x{f
Ks|¡\|lmf+nduf\{bq'ydydpmlm£Znd¡\f\{ydu¡+eq}s|ndu¡+egf+xZsq}y|c8{
ndxdf)Jv'nd±J¡\fWÅ
À0f\{{sulwe,ndpmq}s|lmv'x{ ~ nX|¡8{(f8q}nf+e,d|7v'xdx<q}lm|fq}yduc\{ndxdf)Jv'nz±C¡+fegf+s(s|f\xZs¶f+x1¡\¤Zl ~ f\x
fnxdf)y<¡\|lmv ~ f
~ fs|f\egy{+¥ ~ lws|f¶y<¡\|lmv ~ fu¡
³Æq'
suq'lwuf'¥tyJf+x ~ q}xZsprq'£Zndf\pwpmfpmfu¡\{|f\q'nOf8{sb
v7eOypwc+s|f+egf\x7sÊlwx<{(f\x{(lmdpmf¶q'nz
{sulwe,ndpmq}s|lmv'x{f
Ksu¡+ulwf\nd|f8{+«ZµWxf
±Cf
s\¥dª,prqo{|ndl¢suf ~ © ndxf¸Jv'nd±J¡\f'¥Kpwf¸u¡\{|f\q}n|f8{suf (lm{|v'pm¡ f+sÊxdf¸u¡+yJv'x ~
yq'{q'nz{(s|lmeondprqtsulwv7x{bf
Ks|¡\|lmf+n|f8{Êq'ydydpmlm£Znd¡\f\{q:¤tq}xZsf+xK¤Klm|v7x ~ f ;O{\¥ ~ ndu¡+fpm¡+'c\|f\egf+xZslwxz³Æ¡\|lmf+n|f
ª,p5© lwxZs|f\|¤tq'pwpmf ~ f¸s|f+egy{f+xZs|uf ~ f+nz<v7nz±C¡+f\{o¼Æf+xK¤Klm|v7xg{u½
«
À0f)egv ~ c\pwfo+v'xz®<|egf)prqgxd¡\+f\{u{(lws|¡ ~ f,
f
s|s|fyJ¡+ulmv ~ f)|¡+³Æuq7suq'lwuf)+q'pmqy|¡8{(f\x
f ~ fo+fo
z+pwf)f+z+l¢sqtsuv'lm|ff
s
~ © ndx ~ ¡\pmq'l¶¼´pwf ~ ¡+prq}l ~ © q7sulw¤tqtsulwv7x f+xZs|uf¨pmf\{oxdf+nduv'xf\{ ~ fsKy<f¨Á|Á(Á)f+s,pmf\{xf+nduv'xdf8{ ~ fsZyJf¨Á)f+soÁ(Á(½|f\x ~ pmf
egv ~ c+pmf)v7{u
lmpwprq}xZs8¥Zeq'lm{q:¤7f\ ~ f\{\q}q'
s|¡+ulr{sulm£Zndf8{Ixdv7x1ydaKK{|lmv'pmv''lr£Zndf\{\¥ ~ q}x{bypwn{|lmf+nd{{(lws|n<qts|lmv'x<{0Å
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¶x {|q'l¢s)f
zyJ¡+ulwegf\x7sq}pmf+egf+xZs)£Zndfgpwv7u{u£Zndfoprq1
v'xxdf
zlmv'x ? b¿ f+u'lr£7nf,lmxdadlmdlws|ulm+fOx © f+Klr{(s|f
yq7{¼ ~ q'x{Ppmf\{ yduf+eglmf+{P{sq ~ f8{ ~ f ~ ¡+¤7f+pmv'ydyJf+egf\x7s ~ ngu¡\{|f\q'n,f\eodu'v7xdxq}lmufIv'n£Znq'x ~ f\pwpmff\{(s
dpmvz£7n¡+f¸yq}bndxdfq}yydpwlr+q}s|lmv'x ~ f¸lm+n
ndpmpmlwxdf:½¥zp5© q7sulw¤Klws|¡ ~ nu¡\{|f\q'n0¥7egf8{(ndu¡+f{|ndpmfy<v's|f\x7sulwf\p
egf+e,duq'xq}lmuf ~ n xdf+n|v7xdf ~ f¨sKyJf¨Á¥ y|¡8{(f\x7suf¨ndxdf{(f\ndpwf<v7nz±J¡\fyq'¡+ylm{|v ~ f'«À0f¨egv ~ c+pmf
ydu¡\{|f+xZs|fnxdfq'
s|lm¤Zlws|¡¶{(lmeglwprq}lm|f7¥}³«'®«¼(!;7½«7º§q}lr{+¥}pmfyJv}s|f\xZs|lmf+pegf\eodq}xq'lwuf ~ nxdf+n|v7xdf ~ f
sKy<fÊÁEf\{(s\¥t£Znq'x7s ªpmndl5¥:\q}q'
s|¡+ulr{(¡Pyq' ndx,¡+yq'ndpmf+egf+xZs ~ ,ªp5© q'sulwv7xf
d+l¢sqts|ulr
f ~ f\{xdf+nduv'xf\{
~ fosZyJfoÁ|Á(Á¤7f+{pmfoxdf\nd|v7xdf ~ fsZyJfoÁ¥C³«<®<«¼(!;'½{(nd¶pmq ~ uv'lws|f'«<Pq}¶+v'x{|¡\£Zndf\xZs\¥yndlm{u£Zndf
s
s
mV
mV
a
b
Glu−ergique
NM−ergique
épaulement
0 2
t (s)
neurone de type I et II
neurone de type III
épaulement
delai d’activation de III vers I et II
0 40 80 120 160 200 240 280 320 360 400
−52
−48
−44
−40
−36
−32
−28
0 40 80 120 160 200 240 280 320 360 400
−50
−46
−42
−38
−34
−30
−26
−22
 <;zÅU Zq}nadf7¥dq'
s|lm¤Zlws|¡ ~ n1u¡\{|f\q'n ~ f)xf+nduv'xdf8{ ~ f)prqo®<« ¼ ;}q7½
¥zegf\{|nd|¡\f){(ndpmf)yJv}s|f\xZs|lmf+p0egf+e,dq}xq'lwuf
~ n¨xf+nduv'xdf ~ fsKy<fÁ¼´q7½Pf
sÊ{|ndpwfyJv}suf+xZs|lmf+pJegf+e,duq'xq}lmuf ~ nxdf+n|v7xdf ~ nsKyJfÁ(Á|Á¼Æ<½
¥7pmv'{u£7nfpwf8{Ixdf\nduv'xdf8{
~ f§sZyJfUÁf+sÁ(Á¨{|v'xZsq'nzs|v7|Zs|aeOlr£Zndf\{\« ~ uv'lws|f'¥Ê{(¡8£Zndf+x+f ~ © q'
s|lm¤:q}s|lmv'x ~ f8{¨xdf\nduv'xdf8{+«¶x­|f\egq'u£ZndfXnx
¡+y<q}ndpmf+egf+xZs{|ndpwf)yJv}suf+xZs|lmf+p eOf\eodq}x<q}lm|f ~ n1xdf+n|v7xdf ~ fsZyJf)Á£Zndl x0© f8{sy<q'{bydaKz{(lmv'pmv'7lm£Zndf7«
ndxdfq7sulwv7xof
d+l¢sqts|ulr
f ~ f\{ xdf\nduv'xdf8{ ~ fsKyJfÁ(Á|Á ¤'f\u{Áf\{(sWndxdf+q'uq7s|¡\|lr{(s|lr£7nfIydaKz{(lmv'pmv'7lm£Zndf
~ n u¡\{|f\q'n0¥Clwpf
zlm{(s|f ~ f\{eg¡\\q}xdlr{(egf8{£Zndl ~ v7lw¤7f+xZs ~ ¡\{uq'
s|lm¤'f+)pmf¨
z+pwff+z+l¢sqtsuf+nd)ydu¡\{|f+xZsª
p5© lmxZs|¡+ulmf+nd ~ n1egv ~ c+pmf¨¼;'q7½
«
 &R"!
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xfI{sulwe,ndprqts|lmv'x)q'ydydpmlm£Znd¡\fWªpY© f+x<{(f\eodpmf ~ f\{0xdf+nduv'xf\{ ~ n)egv ~ c\pwf¼ ;}q7½ ~ ¡\
pmf+x<adfPndxdfIq7sulw¤Klws|¡
~ n|¡8{(f8q}n0¥7®«C¼!=7½
«df\pwpmf
¿Â
lC
v7x{|lm{(s|f¶f+xnx¡+ylm{|v ~ f¸+v'egyJv7{|¡ ~ f¶ydpwn<{(lmf+nd{Ê<v7nz±C¡+f\{Ê£ZndlCv'xZs
ndxdf ~ Zx<q}eglm£Zndf ~ l¢±C¡+uf+xZs|f ~ f+f+pmpwf)v7{|f+u¤'¡+f¸f+x1ydaKz{|lwv7pwv7'lmf'«zÀ0f ~ ¡\pmq'l ~ © q'sulw¤tq}s|lmv'x1f+xZs|ufpwf8{
mV
mV
s
s
a
b
*
*
t (s)
Glu−ergique Glu−ergique Glu−ergique
NM−ergique NM−ergique
neurone de type I et II
neurone de type III
delai d’activation de III vers I et II
*
9.0 16.1 23.2 30.3 37.4 44.5 51.6 58.7 65.8 72.9 80.0
−55.00
−51.70
−48.40
−45.10
−41.80
−38.50
−35.20
−31.90
−28.60
−25.30
−22.00
9.0 16.1 23.2 30.3 37.4 44.5 51.6 58.7 65.8 72.9 80.0
−55.00
−51.70
−48.40
−45.10
−41.80
−38.50
−35.20
−31.90
−28.60
−25.30
−22.00
 ¶!=dÅ$ 7q'nadf'¥Pq7s|lm¤Kl¢su¡ ~ n°|¡8{(f8q}n ~ fxf+nduv'xdf8{+¥ ~ fprq¹®«¶¼;}qZ½Oq:¤'f\pmf\{gxdf\nd|v7xdf\{ ~ f1sKyJf1Á,f+sgÁ|Á
q}nds|v'uZs|adeglr£Zndf\{\¥egf8{(ndu¡+f {|ndpmf y<v's|f\x7sulwf\peOf\eodq}x<q}lm|f ~ n xdf\nduv'xdf ~ f¹sZyJf¯Á¹¼´qZ½¨f+s1{|nd1pmf¹yJv}suf+xZs|lmf+p
egf+e,duq'xq}lmuf ~ nOxdf+nduv'xf ~ nosKy<fbÁ(Á|ÁI¼ÆJ½pwv7u{u£Zndfaq7
ndx ~ f\{xdf\nd|v7xdf\{ ~ n,|¡8{(f8q}nf8{sP{(s|lmeondpm¡)¼Æprq¶{(s|lmeondprqtsulwv7x
f\{(slmx ~ lr£Znd¡+f,yq}¶ndxdf¡+s|v'lmpmf8½«C ~ |v7l¢suf'¥<{|¡\£Zndf\x
f ~ © q7sulw¤tqtsulwv7x ~ f\{xdf+n|v7xdf\{lwx ~ ndl¢sufoyq'prq{(s|lmeondprqtsulwv7x0«<À f
xdf\nd|v7xdf ~ fbsKyJfÁ(ÁPq){|f+ndpmf+egf+xZsWndxfq'
s|lmv'x ? b¿ f+u'lr£Zndfbf
d
lwsuq}s|ulm+f{(lv'x¨
v7x{|l ~ c\|fbpmf\{Py|f\eOlmf+{Cv7ndu{ ~ n
~ ¡\¤'f+pmv'yy<f\eOf\xZs ~ n¨u¡\{|f\q'nv'n¨nxq'
s|lmv'x¨xKndpmpmf¶{|l<p5© q7sulw¤Klws|¡ ? b¿ f+u'lr£7nfq¡+s|¡¸lwxdalwJ¡+f¶yq}Êndxdf¸q}ydydpmlr+qtsulwv7x
~ flm+n
ndpmpmlwxdf7«<Àqg|¡\y<v7x{(fªgprq{(s|lmeondprqtsulwv7xXf\{(s+q}q'
s|¡\|lr{(¡\fyq}ypwn{|lmf+nd{Jv'nz±C¡+f8{¡+eglr{(f8{s|v7nzs|f8{pmf\{ ~ f+nz
{|f\
v7x ~ f8{+¥zf\pwpmf|f\yd|¡8{(f\xZs|f¸pmqgeq}£Zndf ~ n ~ ¡+prq}l ~ © q'
s|lm¤tqts|lmv'x1f\x7su|fpmf\{bxdf\nduv'xdf8{ ~ f¸sZyJf)Á(Á|Áf+sÁ«
xdf\nd|v7xdf\{ ~ fgsKyJfgÁ(Á(Á¸f
spmf\{xf+nduv'xdf8{ ~ fOsZyJfÁf+sÁ(Á ~ © nxdfyq}|s\¥Ef+spwf+K+pwfgf+z+l¢sqtsuf+nd)ª
p5© lmxZs|¡+ulmf+nd ~ nUu¡\{|f\q}n ~ © q'nzs|ufyq'(s{(v7x7s¸ªpY© v'ulm'lmxdf ~ n§+v'egyJv'|s|f+egf\x7s¶v7{u
lmpwprq}xZs ~ n§eOv ~ c\pwf7«
v'egegf
f ~ ¡\pmq'l ~ © q'sulw¤tq}s|lmv'xOf\{(s nxdf+q}q'
s|¡\|lr{sulm£ZndfÊydaKz{(lmv'pmv'7lm£Zndf ~ ng|¡8{(f8q}n0¥:v7x,f\x ~ ¡ ~ ndlws
£Zn0© lwp ~ v'lwsf
zlr{suf+ ~ f8{eg¡\+q'xdlr{(egf\{£7nl ~ ¡\{uq'
s|lm¤'f\x7s+f
z
pmf)f
d
lwsuq}s|f\ndydu¡\{|f+xZsªgpY© lmx7su¡+ulwf\nd
~ n1egv ~ c+pmf ~ fpmqO®<«0¼;'q7½
«
¶x1y<f\nzs ~ v7x{(nydy<vZ{(f\p5© f+Klr{(s|f+x<
f ~ © ndxdfyJ¡+ulwv ~ f)u¡
³Æq'
suq'lwuf ~ © f\xZ¤Klm|v7x ;g{£Zndl f+egy<»8adf)pmf
v'egyJv'|s|f\eOf\xZs
v7{u
lmpmpmq}s|v'lmuf ~ q}x{opwf|¡8{(f8q}n f+e,du'v'xxq}lm|fgf+s ~ q'x{pmfegv ~ c+pmf'« f+x ~ q}xZsO+f
s(sufyJ¡+ulwv ~ f|¡+³Æuq7suq'lwuf'¥£7nl{|ndl¢s
ndxdf¸q'
s|lm¤:q}s|lmv'xydu¡\q'pmq'dpmf'¥}pmf\{Ê{sulwe,ndprqts|lmv'x<{Pf
Ks|¡\|lmf+n|f8{+¥ ~ fxq}s|nduf{|Zx<q}yzsulm£Zndf¶v'n¨q}nds|uf\{\¥7{|v'xZs
v7egydpwc+s|f\eOf\xZs
lm'xdv7|¡\f\{\«+À0fyd|v7dpmc+egf£ZndlK{(fy<vZ{(fq}pmv'{0f\{(s ~ fIpmvK\q}pmlm{|f+ ~ q}x<{0pmfegv ~ c+pmfIpmf\{ eg¡\+q'xdlr{(egf\{uf\{|y<v7x{|q'dpmf\{ ~ fÊ
f+s(s|f
yJ¡+ulwv ~ fu¡
³Æq'
suq}lmuf'«tÁÂp{\© q''lws ~ f\{Wxdf+nduv'xf\{ ~ fsKyJfÁ f
sIÁ|Á\q}8¥'{(lpwf\ndPs|f\egy{Wu¡
³Æq'
suq}lmuff8{sIypwn{W'q}x ~ £Zndfpmf
~ ¡\pmq'l ~ © q'
s|lm¤tqts|lmv'x,f+xZs|ufIpmf\{xdf\nduv'xdf8{ ~ fsKy<fÊÁ(Á|Á0f
sPpmf\{xdf+nduv'xf\{ ~ fIsKyJfÁEf+sÁ|Á¥tpwfÊ
v7eOyJv'|s|f\egf+xZsvZ{|+lwpmpmq}s|v7lwuf
xdf¸y<f\nzsyq'{Êq:¤'v7lwpwlmf+n ¥K
³«K®«C¼t:<½If
s³«zy<q}q}'q}yadf¼5¶«m8½ ~ q}x<{p5© q}ydyJf+x ~ lm+f'«z·f¸ydpmn{\¥Zv7x+v'x{(suq}s|f¶£Zndf¸prq
yJ¡+ulwv ~ fu¡
³Æq'
suq}lmuf ~ f8{Pxdf\nd|v7xdf\{ ~ fbsZyJfÁf
sWÁ|Á ~ v'lwsW»
s|ufydpmn{P7uq'x ~ f£Zndf
f\pwpmf ~ f\{Wxdf+nduv'xf\{ ~ fbsKyJfÁ(Á(Á¥Z³«
®<«<¼ttqZ½«Zf8
ldf8{sIf\x¨q'\
v' ~ q:¤'f\bpmf\{ ~ l¢±C¡+uf+xZsuf\{I\q}q'
s|¡+ulr{sulm£Zndf8{¡\pwf8su|v7ydaKK{|lmv'pmv''lr£Zndf\{f+Klr{(suq}xZsuf\{Pf\x7su|fpmf\{
xdf\nd|v7xdf\{ ~ fWsKyJfIÁEf+sÁ|ÁEf
spmf\{xdf\nd|v7xdf\{ ~ fWsKyJfIÁ|Á(Á«'f
s|s|f{|v'pmnzsulwv7xf\{(sprq{|f+ndpmf£ZndlZf
zydpmlm£ZndfIs|v7n{ pmf\{ |¡8{(np¢sqtsu{
uf+x+v'xZs|u¡\{Pf\x¨ydaKz{(lmv'pmv'7lwff+sÊ£ZndlCq ~ f¶<v7xdxdf8{Wq7{(f8{WydaKz{(lmv'pmv'7lm£Zndf8{+«'µWxf+±Jf+s\¥ZndxdfyJ¡+ulmv ~ fu¡
³Æq'sq}lm|f7¥'q}y|c8{
p5© q7s|lm¤tqtsulwv7x ~ © ndx¨xdf\nd|v7xdf'¥Zf\{(snxdf¶\q}q'su¡+ulm{(s|lr£ZndfydaKz{(lmv'pmv'7lm£Zndfb³Æv7x ~ q'eOf\xZsuq}pmf ~ f\{xdf+nduv'xf\{\«Kf\{I|¡8{(np¢sqtsu{
egv'xZs|uf+xZs£7nf'¥ ~ q}x{¶pmfou¡\{|f\q}n ¥pmfosuf+egy{¶|¡+³Æuq7suq'lwuff8{s¸ndxdfg+q}q'
s|¡\|lr{sulm£Zndf)lmxZs|ulwx<{(c8£7nf ~ f8{xdf\nduv'xdf8{f+ndZ¿
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eg»+egf\{\¥}ydpmnzsuË}sI£ZndfpmfÊu¡\{|ndpwsuq}s ~ © nxO¡\ydndlr{(f\egf+xZs ~ f\{suuq'x{|eOf+s(suf+nd{ v'ngndxdf{uqtsundqts|lmv'x ~ f
f\(sq}lmx{ u¡\
f\yzs|f\nd{
ªOpY© lmx7su¡+ulwf\nd ~ nX
z+pwff
d+l¢sqts|v7lwuf'«
t
0
hyperpolarisationhyperpolarisation
4 62
first second third
12
a
Glu−ergique Glu−ergique
Gaba−ergique Gaba−ergique
Type III neuron 
Type II neuron 
Type I neuron 
640 2
X
X
first end of the
Glu−ergique
t
b
spike spike spike spike activity
refractary time of
type III neurones
refractary time of
type III neurones
refractary time of
type I and II neurones
refractary time of
type I and II neurones type I and II neurones
refractary time of
type III and type I, II neurons type III and type I and II neurons
activation delay betweenactivation delay between activation delay between
type III and type I, II neurons
 E:KÅO·lrq}7uq'egeOfbsuf+egyJv'uf+p ~ fpmq){|¡\£Zndf\x
f ~ © q7s|lm¤tqtsulwv7x ~ f\{Wxf+nduv'xdf8{ ~ n¨u¡\{|f\q'n ~ fpmq¸®<«<¼ ;t<½
¥7q:¤'f8¼´q7½
f
sÊ{|q'x{¼ÆJ½Pprq
v7xdxdf
zlmv'x ? b¿5f\|7lm£Zndflmxdadlmdlws|ulm+f ~ nxdf\nd|v7xdf ~ fsZyJfÁ|Á¤7f+{Ppmf\{Wxf+nduv'xdf8{ ~ fsKyJfÁ(Á|Á¥7f\x
{|ndydyJv7{uq}xZspmf\{xdf+n|v7xdf\{ ~ f¶sZyJfÁIf
sbÁ(ÁIq'nzs|v7|Zs|aeOlr£Zndf\{If
sbndx ~ ¡+prq}l ~ © q7sulw¤tqtsulwv7xf\x7su|f¶pwf8{Ixf+nduv'xdf8{ ~ fsKy<f
Á(Á|Áf+sWpwf8{Pxdf\nd|v7xdf\{ ~ fbsZyJfÁ f+sWÁ(Á ~ f{\«}µWxgaq}nds\¥ ~ lrq}7uq'egeOfs|f\egy<v7|f\p ~ f\{Pq7sulw¤tqtsulwv7x{ ~ nxdf\nduv'xdf ~ fÊsKy<f
Á 
7q'n
f\x7su|f7¥ ~ lrq}7uq'egeOfbsuf+egyJv'uf+p ~ f\{Iq7sulw¤tqtsulwv7x{ ~ n¨xdf+n|v7xdf ~ fsKyJfÁ|Á
Zf+x<q'{ ~ lmq''q}egegfbs|f+egyJv'uf+p ~ f\{
q'
s|lm¤tqts|lmv'x<{ ~ f8{xdf+nduv'xf\{ ~ fIsKyJfÁ|Á(Á«}q7½ q'
s|lm¤Zlws|¡Êu7suadeglm£Zndfb+q'uq7su¡+ulm{|¡+fPyq'ypwn{|lmf+nd{ Jv'nd±J¡\f\{\«:ÀI© q7sulw¤tqtsulwv7x
~ f8{xdf+n|v7xdf\{ ~ fsZyJf)ÁÊf
sÁ|Áb{|f³´q}lws\¥<ªgy<f\nXyd|c8{+¥da<q'£Zndf@={¼´y<¡\|lmv ~ f)lwxZsuf+|¿5Jv'nz±C¡+f8{u½
«À0fsuf+egy{|¡+³Æuq7suq'lwuf
~ © q'
s|lm¤:q}s|lmv'x ~ f\{xdf+n|v7xdf\{ ~ fsZyJfÊÁ(Á(Á ~ v'lws»+s|ufIydpmn{yJf
s|lwsW£Zndfb{y<v7nd£Zn0© lmpm{ {|v'lmf+xZs{|f+x{|lmdpwf8{q'nz)f
d
lwsuq}s|lmv'x{
f
sblmxdadlmdl¢sulwv7x{yd|vt¤7f+xq'xZs ~ f\{xdf\nd|v7xdf\{ ~ f¶sZyJfÁIf
sbÁ(Á«Z<½Iq7sulw¤Klws|¡¸|Zs|aeOlr£Zndf¶+v'egyJv7{|¡+f ~ © ndxdf{|f+ndpmfJv'nz±C¡+f
ªprq{(nl¢suf ~ nXdpmvz+q''f ~ fp5© q'sulwv7x? b¿ f+u'lr£Zndf)yq'pmq¨dlm+n
npwpmlwxf'«CÀ0f)suf+egy{u¡
³Æq'
suq'lwuf ~ © q7sulw¤tqtsulwv7x ~ f\{
xdf\nd|v7xdf\{ ~ fsKyJfÁPf+sÊÁ|Á ~ v'lws»+s|ufydpmn{'q}x ~ £Zndf){IyJv'nf\eOyJ»\af+Ip5© lwx{(suq'ndqts|lmv'x ~ f\{v7{u
lmpwprqtsulwv7x{Wq}ydl ~ f8{
~ q'x{bpwf)egv ~ c\pwff
s ~ v'x ~ ¡8{|q7s|lm¤'f\bpwf+v'egy<v7(suf+egf+xZsv7{u
lmpmpmq}s|v'lmuf ~ q'x{bpmf)|¡8{(f8q}n0«
 &R"!
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µWx y|f\xq}xZsof\x 
v'egyzsufpmf\{o|¡8{(ndpwsuq}su{ ~ f\{,yq}q}7uq'ydadf8{¶y|¡8
¡ ~ f+xZsu{\¥ v7x y<f\nzs,eq'lwxZs|f\xq}xZs,+v'x{(s|undlm|fnx
xdv7nd¤'f8q}negv ~ c+pmf¶ª)eg»\eOf ~ f¶eOlmf+ndgu¡+yJv'x ~ |f¶q}nz+q'uq7s|¡\|lr{(s|lr£7nf\{PydaKz{|lwv7pwv7'lr£7nf\{ ~ n|¡8{(f8q}nf+e,du'v'xxq}lm|f7«
À0f8{baKZyJv}suadc\{|f\{buf
suf+xKndf8{{(v7x7spmf\{{|ndlm¤:q'xZs|f\{ Å
 pwf8{bxdf+nduv'xf\{ ~ fsKy<f)ÁÊf
sÁ|ÁJÅ
 {|v'xZsq}nzsuv'u7suadeglm£Zndf8{q:¤'f8prqOeO»\egf)y<¡\|lmv ~ f'«
¶xq{|v'ndpmlm'xd¡Wq'x7su¡+ulwf\nduf+egf+xZs0prqxd¡\+f\{u{(lws|¡ ~ © q:¤7v'lm ~ f\{ xdf+n|v7xdf\{0q'nzs|v7|Zsuadeglm£Zndf8{0ªbpY© lmx7su¡
¿
ulwf\nd ~ nu¡\{|f\q'n0«}Wnlm{u£Zndfpmf\{Wxf+nduv'xdf8{ ~ fsKyJfÁ(Á|ÁPxdfyJf+nd¤7f+xZsIyq7{W»+s|ufq}nzsuv'u7suadeglm£Zndf8{+¥

fO{(v7xZspwf8{xf+nduv'xdf8{ ~ fosKy<f,Áf
s¶Á|Á£Zndl ~ v'lm¤'f+xZsp5© »
s|uf'«JÁÂpf\{(sxd¡\+f\{u{|q'lwufo£Zn0© lwpr{q'lwf\xZs¶prq
eg»+egfyJ¡+ulwv ~ f ~ © q7s|lm¤Kl¢su¡)lwxZsu|lmx{|c\£Zndf)yJv'nd£Zndf)pmf+nq'
s|lm¤:q}s|lmv'xX{|v'lwsÊsuv'ntv7nd{{(Kxa|v7xdf
f
s£ZndfOpwfOxdf\nd|v7xdf ~ fosKyJf,Á|Áydnlm{u{(fOaKKy<f\|yJv'prq}ulm{|f+8¥<q'n ~ ¡\yq}|s ~ fOaq7£Zndf,¡\ydlr{(v ~ f7¥Jpmf\{
xdf\nd|v7xdf\{ ~ fsZyJfÁ(Á|Á«
 v'xZs)ndxdf¨q7sulwv7x¹xdf\nduv'egv ~ ndprqts|ulr
f1¼  f
sydnlm{  
½£Zndfgpwfgxdf\nd|v7xdf ~ fgsKy<fgÁq}ydypwlr£Zndfª
pmndl¢¿ eg»+egf)f
sq'nxf+nduv'xdf ~ f¸sKyJf)Á(Á«
f+prq1yJf+ueOf+sndxdf¨q7s|lmv'x¯xdf\nd|v7egv ~ ndpmq}s|ulm+f,eg»\eOf{(lPpmf\{)xf+nduv'xdf8{ ~ fOsKy<fÁ|Á(Áx0© lwxZs|f\(¿
¤Klwf\xdxdf\x7syq7{+«J·¶q'x{¸pwf,|¡8{(f8q}nXv'x¹
v'x}nd'ndfOq}lmx{|l ndxdfgq'
s|lm¤Kl¢su¡,q}nds|v'uZs|adeglr£Zndfoq:¤'f8)ndxdf
xdf\nd|v7egv ~ ndpmq}s|lmv'x0«
À qxdf\nduv'egv ~ ndprqts|lmv'x¯yJf+ueOf+sndxdf{|v'|s|f ~ f¨
v'¿ q7sulw¤tqtsulwv7x ~ f8{xdf+n|v7xdf\{ ~ fgsKyJfÁf
sÁ|Á
f+xB|¡\'prq}xZsprq s|f\egy<v7|lr{|q}s|lmv'x ~ f§p5© v7x ~ f§pmf+xZsuf§dlmydaq7{(lr£Zndf§f\xd|f\'lr{su|¡\fU{(npmf§yJv}suf+xZs|lmf+p
egf+e,duq'xq}lmuf ~ f8{xdf\nd|v7xdf\{ ~ fsKyJf)ÁIf+sÁ(Á¥
³«  h 5«
 v'xZsInxdfq'
s|lmv'x7pwnz¿ f+u'lr£Zndf£Zndfpmfxdf\nd|v7xdf ~ fsKyJfÁWq}yydpwlr£Zndfªpmndlw¿5eg»+egf¶f
sq'nxdf+nduv'xf ~ fsKy<f
Á(Á«
f\{¶
v7xdxdf
zlmv'x{v'xZs¡
su¡lmeOypw¡\eOf\xZs|¡+f8{ ~ q'x{pmfegv ~ c+pmfyJv'nd¸q:¤'v'lmndxdf,
vKv' ~ lmxqtsulwv7x ~ f
p5© q7s|lm¤tqtsulwv7x ~ n­xdf+nduv'xf ~ fXsKy<fXÁgf
s¨Á|Ágf
s¨yJv'nd¨nxdfUegf+lmpwpmf+n|fU+v'x+v' ~ q}x+fq:¤7f\prq
ydaKz{(lmv'pmv'7lwf7«<µIpwpmf\{¸yJf+ueOf+s(suf+xZs ~ f,ypwn{ ~ fOeglwf\nzUuf+yduv ~ ndlm|f,pwf8{¤tq}pmf+nu{¸ydaKz{(lmv'pmv'7lm£Zndf8{
~ n1yJv}s|f\xZs|lmf+p0egf+e,dq}xq'lwuf ~ f\{bxdf\nd|v7xdf\{ ~ fsZyJfÁf+sÁ(ÁÊy<f\x ~ q'x7sprq ~ ¡+yJv'prq}ulr{|q}s|lmv'x0«
 pwf8{blwxZs|f\u+v'xdxf\sulwv7x{ ~ f\{xdf+nduv'xf\{ ~ fsKy<f)Á|Á(ÁÊ¤'f\u{Êpmf\{bxdf\nd|v7xdf\{ ~ fsZyJfÁf+sÁ(ÁCÅ
 {|v'xZs¶{|f+ndpmf+egf+xZs ~ fsKyJfof
d+l¢sqts|f\ndf\xUv'yy<vZ{(lws|lmv'x ~ f,ydaq7{(f,yq}¶uq'ydy<v7(sªpY© q'
s|lm¤tqts|lmv'x ~ f\{¶xdf+nz¿
uv'xdf8{ ~ f¸sZyJf)Á(Á|Á«
xf,suf+pmpwf{|Kxq}y{|fOx0© qyq7{¶f\x
v7|f,¡
su¡Ol ~ f\x7sul¢®<¡+f'¥Cf+sv7x¹qydulm{
v7egeOf |ª¨ydulmv'ul ,£Zndfgprq
~ Kxq'eOlr£Zndf ~ nxdf\nduv}s|q}x<{(egf
s|s|f\ndf8{s
v7egyq}q}dpmfªO
f\pwpmf ~ n ?¸pmnzsuq'egq}s|f¸f
s ~ n ? b«
aq7£7nf¶q'
s|lm¤tqts|lmv'x ~ f\{Ixdf+nduv'xf\{ ~ fsKyJfÁ(Á|ÁWf\{(sÊ{|ndlm¤Klwfy<q}Êndxdf¶q7sulw¤tqtsulwv7x ~ f8{Wxdf\nd|v7xdf\{
~ f¶sKy<f¸ÁWf
sÊÁ(Á«zÀW© ¡+ylm{|v ~ f¸{\© q}u|»+s|f£Znq'x ~ pmf\{xdf+nduv'xf\{ ~ fsKyJfÁ|Á(ÁIxf¶{|v'xZsydpmn{bªeg»\eOf
~ f ~ ¡\yq'{u{|f+bpwf\nd{|f+ndlmp ~ © q'
s|lm¤:q}s|lmv'x0«
 pwf8{blwxZs|f\u+v'xdxf
zlwv7x{ ~ f\{bxf+nduv'xdf8{ ~ f¸sKy<f)Á|Á¤7f+{pmf\{xdf+nduv'xf\{ ~ fsKy<f)Á|Á(ÁCÅ
 {|v'xZs{(f\ndpwf\egf+xZs ~ f¸sKy<f ? Ê¿5f\|7lm£Zndflmxdadlmdlws|ulm+f\{\«
µWpmpwf8{1{(v7x7s|f8{(yJv'x{uq}pwf8{ ~ nB+v'egyJv'|s|f+egf\x7sdlwyaq'{|lm£ZndfA¼ÆaKKy<f\|yJv'prq}ulr{|q}s|lmv'x°f
s|f\<v7x ~
yJv7{(s(¿ lwxdalwdlws|f\nd½ ~ f\{xf+nduv'xdf8{ ~ fsKy<f)Á|Á(Á«
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 pwf8{blwxZs|f\u+v'xdxf
zlwv7x{ ~ f\{bxf+nduv'xdf8{ ~ f¸sKy<f)ÁÊ¤'f\u{Êpmf\{bxdf\nd|v7xdf\{ ~ fsZyJfÁ(Á|ÁJÅ
 pmf)xdf+nduv'xf ~ f¶sKyJf)ÁÊq'ydyJv'|s|f)q}nzxdf+nduv'xf\{ ~ fsKy<f)Á|Á(ÁÊndxdf)pmf+xZs|f)q7s|lmv'xxdf\nd|v7egv ~ ndpmq}s|ulm+f'«
f
s|s|f¯q'sulwv7x ~ fUxdf\nduv'egv ~ ndprqts|lmv'x°yJf+uegf
s ~ © v7zs|f\xdlwndxdfUu¡+yJv'x<{(fUyaZz{|lwv7pwv7'lr£ZndfXq}nz
{(s|lmeondprqtsulwv7x{q}ydypwlr£Znd¡+f8{q}nX
v7ndu{ ~ nX+K+pwf ~ © q'
s|lm¤Kl¢su¡'«À f¸xf+nduv'xdf ~ f¸sKyJf)Á¥d'Ä'+f¸ªOprq
xdf\nd|v7egv ~ ndpmq}s|lmv'x0¥d+vKv' ~ v'xdxf¶p5© q7sulw¤Klws|¡ªOpY© lmx7su¡+ulwf\nd ~ n1uadv'e,<v7eOc\|f7«
 pmf)xdf+nduv'xf ~ f¶sKyJf)ÁÊqOndxfq'sulwv7x ?¸pmnz¿ f+u'lr£Zndf¶f+d
lwsuqtsu|lr
f7«
f
s|s|f
v'xxdf
zlmv'x f\{(s,eq7{|£Znd¡\f£Znq}x ~ p5© q'sulwv7x ? b¿ f+u'lr£Zndf¨lmxdadlmdlws|ulm+ff\{(soydu¡\{|f+xZsuf
~ q'x{pmf¸egv ~ c\pwf7«
 pmq+q'yq'+l¢su¡ ~ ng|¡8{(f8q}nof\eodu'v7xdxq'lwuf ~ fegf+s(s|uff+xOv'yy<vZ{(lws|lmv'x ~ fydaq7{(fbp5© q7sulw¤Klws|¡ ~ f8{ xdf+nduv'xf\{ ~ fÊsKy<f
ÁIf
sÁ|Áf+spwf8{bxdf+n|v7xdf\{ ~ f¸sKyJf)Á(Á(ÁÊf\{(segv ~ ¡+pmlm{|¡+f){|lwegydpmf+egf\x7sy<q}ndx ~ ¡\pmq'l ~ © q7sulw¤tqtsulwv7x0«
 pmqU\q}yq7
lws|¡ ~ f\{,xdf+n|v7xdf\{ ~ n u¡\{|f\q}n f\eodu'v7xdxq'lwuf ~ © q:¤'v'lmndxfyJ¡+ulwv ~ f|¡+³Æuq7sq}lm|f ~ © q'
s|lm¤tqts|lmv'xSf\{(s
eOv ~ ¡\pwlr{|¡+f¶{|lmeOypwf\eOf\xZsby<q}Êndxdf¸¤:q'pwf\nd®dz¡+f£7nlJuf+y|¡8{(f\x7sufprqoyJ¡+ulmv ~ f ~ f¶s|f\egy{+¥zq'yd|c8{Inxdf¸q7sulw¤tqtsulwv7x
yd|¡8q}prq}dpmf ~ n1xdf+nduv'xf'¥zyJf+x ~ q'xZsbprq'£Zndf\pwpmfpwf)xf+nduv'xdff8{slmx{(f\x{|lwdpmf'«
f\{baKKyJv}s|ac\{|f\{byJf+ueOf+s(suf+xZs ~ f)
v7x
f\¤'v'lmbpwfegv ~ c+pmf ~ v7xdxd¡yq}prq,®«¼\Z½«
Type II
Type I
Type III
Type III
Type II
Type I
Type III
Type III
Glu Glu
GluGlu
GABA inhGABA exc
NM NM
NMNM Cexc
Cexc
Cexc Cexc
Cexc
Cexc
Cexc
a b
 \Å ¾v'nd¤7f\q}n­egv ~ c\pwf¹yd|v7y<vZ{(¡¹q:¤:q'xZs¹¼´qZ½f
s1q}yduc\{¹¼Æ<½p5© q'ydyq}ulws|lmv'x ~ f¹pmqÃ{(Kxq'y{(f ? b¿ f+u'lr£Zndf
lmxdadlmdl¢su|lr
f ~ nSxf+nduv'xdf ~ f¨sKyJfÁ(Á«PÀ f\{xf+nduv'xdf8{ ~ fsKy<fÁ)f
sgÁ(Á{|v'xZs,l ~ f+xZsulm£Zndf8{f
sq}nds|v'uZs|adeglr£Zndf\{\«À f
xdf\nd|v7xdf ~ f¶sKyJf¶ÁÊqo{|ndÊs|v7nzspwf¸|¡8{(f8q}n¨nxdf¸q7sulwv7xxdf\nd|v7egv ~ ndpmq}s|ulm+ff+sÊ7pwnz¿ f+u'lr£Zndf'«KÀ0f¸xdf\nd|v7xdf ~ f¶sKyJf¶Á|Á
qd¥Cq}n§yd|f\eglwf\u{¸{sq ~ f8{ ~ n ~ ¡+¤7f+pmv'ydyJf+egf\x7s ~ n§u¡\{|f\q'nXf+e,d|7v'xdx<q}lm|f7¥ndxdfOq'
s|lmv'x ? Ê¿5f\|7lm£Zndfof
d
lwsuq}s|ulm+f
£Zndl ~ f\¤Klwf\x7soq'n 
v'nu{ ~ n¯suf+egy{nxdf¨q'
s|lmv'x5? b¿ f+u'lr£Zndfglwxadlwl¢su|lr
f7« À0f8{)xdf+n|v7xdf\{ ~ fgsKyJf¨Á(Á|Á¶v7xZso{(nd
s|v7nzsopmf|¡8{(f8q}n¯ndxdfq7sulwv7x¯f+d
lwsuqtsu|lr
f7¥0lr
lI{|nduxdv'egeg¡+f f
d gf+x v7ydy<vZ{(lws|lmv'x ~ f¨yaq'{|fyq}ouq'ydy<v7(sª1pmf+nd
q'
s|lm¤Kl¢su¡'«
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À qbyJ¡+ulmv ~ f ~ f ~ ¡\aq'|7f ~ f\{ xdf+nduv'xf\{0q'nzs|v7|Zs|aeOlr£Zndf\{ ~ fPsKyJfIÁCf
sÁ(ÁEq¡
su¡adv7lm{|lmfWq}udl¢suuq'lwuf+egf\x7s |q}nds|v'n
~ f\7{ «J®x ~ fosuf\{(s|f+ydaKz{|lwv7pwv7'lr£7nf+egf+xZsprq¨ydu¡\{|f+x<
f ~ f,xf+nduv'xdf8{q'nzs|v7|Zs|aeOlr£Zndf\{\¥Jpmq®'n|f¼+DZ½ ~ ¡\
ulws
pmf
v'egyJv'|s|f\eOf\xZs ~ f\{bxdf\nd|v7xdf\{blr{|v'pm¡\{\«KÀqO®«0¼(+D7\½egv'xZs|ufpY© q'
s|lm¤Zlws|¡ ~ nxf+nduv'xdf ~ fsKyJf)Á(Á(ÁÊlr{(v7pw¡7¥ ~ v'xZspmf
yJv}s|f\xZs|lmf+pdegf+e,dq}xq'lwufuf\{(s|f+v'x{(suq'xZsPq'nO+v'nd{ ~ nOs|f\egy{0Å}pmf
v7ndq}xZs    x¡\
f8{|{|lws|fndxdfaKKyJf+uy<v7pmq'|lr{|q}s|lmv'xydu¡\q'pmq'dpwf¸yJv'ndb»
su|f)q7s|lm¤'¡7¥d³«K®<«0¼ÆhZ7½ ~ fpY© q}yy<f\x ~ lr
f'«dÀq,®«E¼!D}<½egv'xZsu|fp5© q7s|lm¤Kl¢su¡ ~ nxf+nduv'xdf ~ f¸sKy<f
 &R"!
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time (s)
time (s)
time (s)
mV
mV
mV
a
c
b
0 25 50 75 100
-55.0
-37.5
-20.0
0 25 50 75 100
-55.0
-37.5
-20.0
0 25 50 75 100
-60
-40
-20
 P+DdÅ¯ v}suf+xZs|lmf+pegf+eouq'xq}lm|f){|lwe,ndpm¡,{|ndpmf\{¶xdf+nduv'xf\{ ~ fsZyJfoÁ¥<Á(Áf+s¶Á(Á|Álm{|v'pm¡\{\«qZ½C?¸Ä'
fª{|qJv'n<
pmf
~ fxf+nduv'egv ~ ndprqtsulwv7x0¥'pmfxdf\nd|v7xdf ~ fsZyJfÁPydu¡\{|f+u¤'f7¥teg»+egflr{(v7pw¡7¥}ndxdf¸q'
s|lm¤Zlws|¡ydaKK{|lmv'pmv''lr£Zndf'«tJ½WÀ0fxdf+nduv'xf
~ fsZyJf¸Á(Á¥Kndxdf³Æv'lr{Ilr{(v7pw¡7¥7egv7x7su|f¸{(v7xq'
s|lm¤Kl¢su¡yq7
f+eq'É'f+8«'8½IÀ f\{xdf+nduv'xf\{ ~ fsKyJfÁ(Á|Á¥Kndxdf¶³Æv'lr{Ilr{(v7pw¡8{+¥Z{(v7xZs

v7egydpwc+s|f\eOf\xZsyq'{u{(lw³´{\«zv7ndpmf\{b¤tq}pmf+nd{ ~ fyq'uq'eOc+s|uf\{Ê¤'v7lwbpmf)yq}q}7uq'ydadfO¼5¶« hZ½«
Á(Á¶lm{|v'pm¡'¥Jpmv'{|£Zn0© lwpxdfguf 
v7l¢sq}n+ndxdfgq'
s|lmv'x§xf+nduv'egv ~ ndprqtsu|lr
f7¥<f+s¸egv'xZsu|fgq}pmv'{¶{|v'x¹q'sulw¤Klws|¡gq}nzsuv'uZs|adeglr£7nf
lmx7su|lmx{|c\£Zndf7¥'pmf\{Ê
v'nuq'x7s{Plmx7su|lmx{|c\£Zndf8{I{|v'xZsIegv'xZs|u¡+f8{W{|ndIprq)®<«<¼Y}hZ½ ~ q}x<{Wp5© q'ydy<f\x ~ lr
f7«ZÀq®«C¼!D'qZ½eOv7xZs|uf
p5© q7s|lm¤Kl¢su¡ ~ nSxdf\nd|v7xdf ~ fsKyJfÁolm{|v'pm¡'¥f+xAydu¡\{|f+u¤:q'xZs,{|q§<v7n
pmf ~ f1xdf+nduv'egv ~ ndprqtsulwv7x ¼Ælmpbf\{(sOyJv7{u{|lwdpmf1£7nf

f+s(suf¶Jv'n+pwf¸{(v7l¢sÊydnduf+egf+xZsÊlwxZs|q'+f+pmpwnpmq'lwuf8½ f+sÊ7pwnd¿5f\|7lm£Zndf7«'À0f8{+v'ndq}xZsu{Ixdf+n|v7eOv ~ npmq}s|f+nu{    f
s   q}n'egf+xZs|f\xZsprqyJ¡+ulwv ~ f ~ © q'
s|lm¤Zlws|¡ ~ f8{xf+nduv'xdf8{q'nzs|v7|Zsuadeglm£Zndf8{+¥:³«tyq'uq''q}ydaf¼ ¸«w:½ ~ fp5© q'ydyJf+x ~ lr
f7«}·v7x}¥
prq+v'eolwxq'lm{|v'x xf+nduv'xdfOq}nzsuv'uZs|adeglr£7nf,f+sxf+nduv'egv ~ ndprqtsulwv7xo³Æv'uegf,pmfg'¡\xd¡+qtsuf+nd ~ f\{¸uZs|adegf\{pmf+xZs{ ~ n
u¡\{|f\q}nf+e,d|7v'xdx<q}lm|f7«
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 f+x ~ q}xZspwf8{yduf+eglmf+{{(suq ~ f\{ ~ n ~ ¡+¤'f\pwv7ydyJf+egf+xZs\¥q:¤tq}xZs)pY© q}ydy<q}ul¢sulwv7x ~ f\{xf+nduv'xdf8{q}nds|v'uZs|adeglr£Zndf\{\¥0pmf
egv ~ c+pmfg|f8{sufg{|lmpwf\x
lmf+nzE«0·¸q}x{)+f\{){(suq ~ f\{\¥Cndxdf¨{(s|lmeondprqtsulwv7x§'¡\xd¡+q}pmlr{(¡\fOªs|v7n{pwf8{xdf+n|v7xdf\{ ~ n u¡\{|f\q}n ~ ¡
¿

pmf+x<adfndxf¶{|lwegydpmfJv'nz±C¡+f¶f
sbndxdf¶pwf\x7suf¶q7s|lmv'xxdf+nduv'egv ~ ndprqtsu|lr
f{|nds|v7n{Wpmf\{xdf+n|v7xdf\{\«7BpY© q}yyq}ul¢sulwv7x ~ f\{
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s|lm¤'fpmf\{Pxf+nduv'xdf8{ ~ fbsKy<f
Á(Á|Á 
E<½ ¿ ~ ½¶
v'xxdf
zlmv'x ? Ê¿5f\|7lm£Zndf,lwxadlwl¢su|lr
f ~ fgydpmn{¸f+x§ypwn{¸f \q'+f,q'{u{|vK+lw¡\f,ªndxdfgxdf+n|v7eOv ~ npmq}s|lmv'x
~ fOydpmn{f\x§ydpmn{¶pwf\xZs|f'«C f+x ~ q}xZs¶pmf ~ ¡+¤7f+pmv'ydyJf+egf+xZs¸v'xUv7zs|lmf+xZs ~ v'x ~ f\{¸¡+ylm{|v ~ f\{¸+q'uq7s|¡\|lr{|¡\{byq'¶ndx¯{(f\ndpmf
Jv'nz±C¡+f7¥ ydndlr{ ~ f\nzE¥0su|v7lm{\¥P«w«m«m¥{|f+yzs8¥ f
s}« Àq ~ Kxq}eglr£Zndf ~ f¨p5© q7sulwv7x¯xf+nduv'egv ~ ndprqtsu|lr
fX¼   f+s  ½¸f
s
p5© f \q'+l¢su¡ ~ f)pmqg
v7xdxdf+Klmv'x ? b¿5f\|7lm£Zndf¸lwxadlwl¢su|lr
f¨¼  

	  ½b{|v'xZs ~ v7xdxd¡+f8{ ~ q}x<{bpY© q}ydyJf+x ~ lm+f¨¼5¶« hZ½
«
RERTSU:VWXY
}  K       	   
    
mV
mV mV
mVa b
t (s)
t (s) t (s)
t (s)
0 40 80 120 160 200 240 280 320 360 400
-60
-56
-52
-48
-44
-40
-36
-32
-28
-24
-20
+
0 40 80 120 160 200 240 280 320 360 400
-75
-70
-65
-60
-55
-50
-45
-40
-35
-30
-25
+
0 40 80 120 160 200 240 280 320 360 400
-60
-56
-52
-48
-44
-40
-36
-32
-28
-24
-20
+
0 40 80 120 160 200 240 280 320 360 400
-75
-70
-65
-60
-55
-50
-45
-40
-35
-30
-25
+
 7'dÅa<q}xd7f+egf+xZs ~ fpY© q'
s|lm¤Kl¢su¡Iu7suadeglm£Zndf ~ nu¡\{|f\q}n ¥ ~ fpmqb®<«K¼\'<½¥8ªprq{|ndl¢suf ~ nodpwvz\q}'f ~ fIprq{|Zx<q}y{|f
? b¿5f\|7lm£Zndf ~ nSxdf+nduv'xf ~ fsKy<fÁ(Á¤'f\u{pwf8{xdf\nd|v7xdf\{ ~ f¨sKyJf¨Á(Á|Á«µWxSaq}nzs8¥ ¡\¤'v'pmnzsulwv7x¹suf+egyJv'uf+pmpwf ~ n
yJv}s|f\xZs|lmf+pEegf+e,duq'xq}lmuf ~ nxdf+n|v7xdf ~ f¶sKyJfÁ¥zf+xq'{\¥K¡+¤'v7pwnds|lmv'x¨suf+egyJv'uf+pmpwf ~ ny<v's|f\x7sulwf\pEegf+eouq'xq}lm|f ~ f\{
xdf\nd|v7xdf\{ ~ fsKyJfoÁ(Á|Á«JqZ½q'
s|lm¤Kl¢su¡ou7suadeglm£Zndf,+q}q'
s|¡\|lr{(¡\fyq}¶ydpwn<{(lmf+nd{Jv'nd±J¡\f\{¶|¡\y<¡+s|¡+f8{suv'nzsuf\{pmf\{¸;'{+«
<½bq7s|lm¤Kl¢su¡|Zs|aeOlr£Zndf+q'uq7su¡+ulm{|¡+f¶yq}ndxf{(f\ndpwfJv'nz±C¡+f)u¡+yJ¡
su¡+f¸s|v7nzs|f8{pmf\{;',{\«
yJ¡+ulwv ~ lr£Zndf ~ nu¡\{|f\q'nOq'n¨
v'nu{ ~ ngs|f+egy{\«7º§q}lmx7suf+xq'xZs\¥}yJv'ndeglwf\nzg+v'egyduf+x ~ |fbf
s ~ ¡
sq}lmpwpmf+pwf8{Peg¡\+q'xdlr{(egf\{
£Zndl {(v7x7s¸ªpY© v'ulm'lmxdf ~ fop5© q}ydyq'|lws|lmv'x ~ © ndxfoJv'nz±C¡+fO{(ndyydpw¡\egf+xZsuq'lwuf'¥<v'xX¡
sun ~ lmfopmf,+v'egy<v7(suf+egf+xZs ~ nUegv ~ c+pmf
f+xX+v'x{|l ~ ¡+q}xZs ~ l¢±C¡+uf+xZs|f8{b¤tq}pmf+nd{ ~ f ~ f+ndyq'uq'eOc+s|uf\{ Å
M¿ pY© f¨+q7
lws|¡ ~ f)prqg
v'xxdf
zlmv'x ? b¿ f+u'lr£7nf¸lmxdadlmdlws|ulm+f 

­¿ pwf8{
v'x<{sq}xZs|f8{ ~ fs|f+egy{ ~ f)pmq ~ Kxq'eglm£Zndf ~ f)xdf\nduv'egv ~ ndprqts|lmv'x «
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 J}Åsulw¤Klws|¡¸|Zsuadeglm£Zndf ~ nu¡\{|f\q'n§¼Ç®<«C\'<½Wf+s ~ ¡
®xdlws|lmv'x ~ f¸pmq,y<¡\|lmv ~ f'¥ ~ f¸pmq ~ ndu¡+f ~ © ndx¡\ydlr{(v ~ f7¥ ~ f
prq ~ n|¡\f ~ npY© lmx7suf+u¤tq}pmpwf ~ f¸{|lmpwf\x
fg¼Æv7n ~ f¸pY© lmxZ¤7f+{(f ~ f\{Êq7{|{|f\{I³Æ|¡8£Zndf+x+f\{ Å<BtÀEAP½If
s ~ f\{ÊlmxK¤'f+{|f\{ ~ f\{Êaq}nds|f\{
³Æu¡\£Zndf+x<
f\{)¼(<B}ÈCAP½«
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s|s|fq'ydyduvzadff\{(ss|uc\{olwegyJv'|suq'x7suff
sg
v'x<{sul¢sundf¨ndxdfq}nzsu|f¨¤7v'lmfy<vZ{|{|lmdpwfªXpmq1¤tq'pwl ~ qtsulwv7x ~ n egv ~ c+pmf'«
µWxf
±Cf
s\¥Kf\xxdf\nd|v7ydaKz{(lmv'pmv'7lwf7¥}pwf ~ ¡8
v'nu{ ~ f¶p5© ¡+¤'v7pwnds|lmv'x ~ f¸pY© q'
s|lm¤Kl¢su¡¶uZs|adeglr£7nfyJf+x ~ q'xZsÊprqeqtsundqts|lmv'xf\{(s
dlmf+x¯
v'xxZnXf+s¸lmp f\{(s¶yJv7{u{(lmdpmf ~ fO
v7eOy<q}uf+pmf\{ ~ v7xdxd¡+f8{v7zs|f\xKndf\{f+x¹{|lmeondprqtsulwv7xUq:¤'f\pwf8{ ~ v7xdxd¡\f\{¶v'zsuf+xKndf\{
  !  ¸yq}pwvz+q''f¸yduv''uf\{u{|l¢³ ~ f¸p5© q'sulwv7x ? b¿ f+u'lr£7nf'«
À0f8{byq}q}egc+s|uf\{Ê+q}q'
s|¡\|lr{|q'xZsp5© q7s|lm¤Kl¢su¡)y<¡\|lmv ~ lr£7nf{|v'xZsuf+ydu¡\{|f+xZs|¡8{b{(ndprqO®7nd|fg¼Y'7½CÅ
 pmq     ~ f)pY© q'
s|lm¤Kl¢su¡¸yJ¡+ulmv ~ lm£Zndf 

 pmq ~ ndu¡+f ~ fIp5©  -       	   .    SÅ8prq ~ nd|¡\f ~ fÊp5© lmxZs|f+u¤tq}pmpwff+xZs|ufWprq ~ f+uxdlwc\|fI<v7nz±J¡\f ~ © ndx,¡+ydlr{|v ~ f
f
spmqgy|f\eOlmc+uf ~ nX{(ndlm¤tq}xZs 

 pmq    ~ f)p5© ¡\ydlm{|v ~ fWÅdprq ~ ndu¡+f ~ fopY© ¡+ydlr{|v ~ f)f\{(s¡+7q'pwf)ªgprq ~ lw±J¡\|f\x
f)f\x7su|fprqgy<¡\|lmv ~ f ~ © q'
s|lm¤Zlws|¡of
sprq
~ ndu¡+f ~ fpY© lmx7suf+u¤tq}pmpwf ~ f{|lwpmf+x<
f

 pwf8{baq}nzsuf\{Ê³Æu¡\£Zndf\x
f8{  ÅdlwxK¤7f+{(f ~ fpmq ~ n|¡\f ~ f\{blmxZs|f+u¤tq}pmpwf8{bf+xZs|uf<v7nz±C¡+f\{ ~ © ndx1eg»+egf)¡\ydlm{|v ~ f'«
"  1  1 Í  Ñ}Ï! ´Í I K   Ï #  K	tÍ  #	UÏ  3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 thÅ¨aq'xd'f\eOf\xZs ~ fprq ~ ndu¡+f ~ fpY© ¡+ydlr{|v ~ f ~ fp5© q7sulw¤Klws|¡uZs|adeglr£7nff+xg³Æv7xsulwv7x ~ fprq)y<¡\|lmv ~ f ~ © q'
s|lm¤Kl¢su¡
f+xSydaKK{|lmv'pmv''lmf'¥ªUZq}nadf7¥ f+s,¤tq}pmf+nd{,v'zsuf+xKndf\{,q:¤'f8pwfegv ~ c+pmf ~ fpmqU®«b¼8}<½
¥ª ~ uv'lws|f'«Wf\{,¤tq}pmf+nd{v7x
¡
su¡1v'zsuf+xKndf\{gª¯prq¹{|ndlws|f ~ f1pY© lmxdadlmdl¢sulwv7x°yd|v7'uf\{u{(lm¤'f ~ fprq 
v7xdxdf
zlmv'x ? b¿ f+u'lr£Zndflmxdadlmdlws|ulm+f1f
s¨ª ~ l¢³Ç¿
³Æ¡+uf+xZsuf\{)¤tq}pmf+nu{ ~ fxf+nduv'egv ~ ndprqtsulwv7x0¥E¤'v7lwq'ydy<f\x ~ lr
f¶« h« À f\{yJv'lmxZsu{)v7zs|f\xZn<{
v
	Yx+l ~ f+xZs)y<v7ndydpmn{|lwf\ndu{
¤tq}pmf+nd{bydaKz{(lmv'pmv'7lm£Zndf8{ ~ f\{
v'x<{sq}xZs|f8{ ~ fs|f\eOy<{ ~ f)prq ~ Kxq}eglr£Zndf ~ fxdf\nduv'egv ~ ndprqts|lmv'x «<¶xf\x ~ ¡ ~ ndl¢s¸£7nf
prq,xf+nduv'egv ~ ndprqtsulwv7xx0© qgq}n+ndxf
±Cf
s¶{|ndprq ~ nd|¡\f ~ f)pY© ¡+ylm{|v ~ f'«
À qU®'n|f ¼Y}hZ½)egv7x7su|fpmfaq'xd'f\egf+xZs ~ fprq ~ n|¡\f ~ fp5© ¡\ydlm{|v ~ fyq}Ondxdf1lmxdadlmdl¢sulwv7xÃy|v7'uf\{u{(lm¤'f ~ fprq

v7xdxdf+Klmv'x ? b¿ f+u'lr£Zndff
syJv'nd ~ lw±C¡+uf+xZs|f8{b¤:q'pwf\nd{ ~ fpmq ~ Kxq'eOlr£Zndf ~ fxdf+n|v7eOv ~ npmq}s|lmv'x ¼´·¶f+¤dz¥d·¶f+¤zd¥
·¶f+¤Kh ~ v'xdxd¡\f\{ ~ q'x{Êpwfyq'uq''q}ydadf,¼5¶« hZ½f+xq}ydyJf+x ~ lm+f8½«dÀ feOv ~ c\pwf¸yduv ~ ndlwsbnxdf)q}nd7eOf\xZsuqtsulwv7x ~ fprq ~ n|¡\f
~ f8{¡+ylm{|v ~ f\{)y<q}yq'pwlmf+8¥ ~ © ndxdfegq'xdlmc+uf ~ lwuf\
s|f+egf\x7s,yd|v7y<v7(sulwv7xdxdf\pwpmfq}n xdv7eoduf ~ f¨Jv'nz±C¡+f8{yq'¡+ydlr{|v ~ f
f
suf
su|v7nd¤'fgq}lmx{|l ~ fxdv7nd¤'f8q}n ~ f\{)³´q}lwsu{)f+KyJ¡+ulmeOf\xZsuq}nd  5« À f\{)yJv'lmxZsu{)v7zs|f\xKn{)
v
	Yx+l ~ f+xZsy<v7nd)ydpmn{|lwf\ndu{
¤tq}pmf+nd{bydaKz{(lmv'pmv'7lm£Zndf8{ ~ f\{
v'x<{sq}xZs|f8{ ~ fs|f\eOy<{ ~ f)prq ~ Kxq}eglr£Zndf ~ fxdf\nduv'egv ~ ndprqts|lmv'x «<¶xf\x ~ ¡ ~ ndl¢s¸£7nf
prq,xf+nduv'egv ~ ndprqtsulwv7xx0© qq}n<
ndxf
±Cf
s¶{|ndprq ~ ndu¡+f ~ f)p5© ¡\ydlr{(v ~ f7«dÀW© f¨+q7
lws|¡ ~ fprq
v'xxdf
zlmv'x ? b¿ f+u'lr£Zndf
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 ;dÅÎa<q}xd7f+egf+xZs ~ fp5© q7s|lm¤Kl¢su¡È A ~ nSu¡\{|f\q'n ~ fxdf\nduv'xdf8{+¥ ~ fprqX®<«Ê¼(\'<½¥ ªUprq§{|ndlws|f ~ fprq ~ lmegl¢¿
xKnzs|lmv'x yduv'7|f8{|{|lm¤'f ~ f¨p5© f \q'+l¢su¡ ~ f¨prqX
v'xxdf
zlmv'x ? b¿ f+u'lr£Zndflwxadlwl¢su|lr
f¨yJv'nndxdf¤tq}pmf+n ~ v'xxd¡+f ~ f
xdf\nd|v7egv ~ ndpmq}s|lmv'x¯¼´·¶f+¤Kh ~ q}x<{bpwf)yq'uq''q}ydaf,¼5¶« hZ½ ~ f)p5© q}ydyJf+x ~ lm+f8½«
lmxdadlmdl¢su|lr
f¶f\{(s ~ v'xpmf{(f\ndp<eg¡8+q}xlm{|egfªeg»+egf ~ f¶egv ~ ndpmf+Êprq ~ ndu¡+f ~ fp5© ¡\ydlr{(v ~ f¶'Ä'
f¶ªprq)egv ~ ndpmq}s|lmv'x ~ n
xdv7eoduf ~ f<v7nz±J¡\f\{y<q}¡+ylm{|v ~ f'«
¶x­{|q'l¢sf
zy<¡\|lmegf+xZsuq'pwf\egf+xZs£Zndf'¥Êq}n 
v7nd{ ~ n ~ ¡\¤'f+pmv'yy<f\eOf\xZs\¥WpmfUu¡\{|f\q}n°f\eodu'v7xdxq}lmufyduv ~ ndlwsndxdf
q}n'egf+xZsuq}s|lmv'xgyduv'7|f8{|{|lw¤7f ~ fprqy<¡\|lmv ~ f ~ © q'
s|lm¤Zlws|¡7¥7eq'lm{\¥}f+xeO»\egfs|f\eOy<{+¥Zlwp<ydu¡\{|f+xZs|fq'n{|{|lnxdf ~ lmeglwxKnzsulwv7x
yduv'7|f8{|{|lw¤7f ~ fgpY© lmx7suf+u¤tq}pmpwf ~ f,s|f+egy{lmxZs|f\(¿ <v7nz±C¡+f\{O¼BtÈ A ½¸ªpY© lmx7su¡+ulwf\nd ~ © nx¹¡\ydlm{|v ~ f'«CµWx¯ydaKz{(lmv'pmv'7lwf7¥<pmf\{
<B}ÈCAXy<q'{u{(f\x7s ~ © ndxdf¤:q'pwf\ndPegvt'f\xdxdf ~ f ={PyJv'ndPndxfy<¡\|lmv ~ f ~ f)\7{Pªndxdf¤tq}pmf+nd ~ f){ y<v7ndWndxdfyJ¡+ulmv ~ f
~ f;'o{  5«¶x1{+© lmx7su¡+uf\{u{(f ~ v'x<eq}lmxZs|f\xq}xZsÊª,uf+7q' ~ f+{|lCpwf)aq'xd'f\egf+xZs\¥Kq}n
v'nu{ ~ n ~ ¡+¤7f+pmv'ydyJf+egf+xZs8¥ ~ f
p5© f \q'+l¢su¡ ~ fprq
v7xdxdf
zlmv'xK? b¿5f\|7lm£Zndf)f+s ~ f\{¶
v7x{sq}xZs|f8{ ~ f)suf+egy{ ~ fpY© q'
s|lmv'xXxdf\nduv'egv ~ ndprqts|ulr
f){(v7xZs
ªOeg»+egf ~ f)uf+yduv ~ ndlm|f
f)
v7egy<v7(suf+egf+xZs\«
À q¹®7nduf ¼Y;7½,eOv7xZs|uf      f+xA³Æv7xsulwv7x ~ fXpY© f¨+q7
lws|¡ ~ fXprq 
v7xdxdf+Klmv'x ? b¿5f\|7lm£Zndf1lmxdadlmdl¢su|lr
f
yJv'nd ~ f8{¤:q'pwf\nd{ ~ v'xdxd¡\f\{ ~ f8{¸+v'x{(suq'xZs|f\{ ~ fOsuf+egy{ ~ fOpmq ~ Kxq'eglm£Zndf ~ fgxdf+n|v7eOv ~ npmq}s|lmv'xÃ¼Y·f\¤Kh ~ q'x{pmf
yq'uq''q}ydadf¼ ¶« hK½Pf\xq}ydyJf+x ~ lm+f8½
«d¶x|f\egq'u£Zndfndxdf¶q'nd'egf\x7sqtsulwv7x¨yduv''uf\{u{|lw¤7f ~ f\{aq}nzsuf\{I³Æ|¡8£Zndf+x+f\{¸¼´È A ½
£Zndl{|ndlws¶pmf\{¤tq'pwf\ndu{¶
uv'lr{|{uq}xZsuf\{ ~ fop5© f¨+q7
lws|¡ ~ f,pmq+v'xdxdf+zlwv7x? b¿ f+u'lr£Zndf)lwxadlwl¢su|lr
ff\xX|f\yduv ~ ndlm{uq}xZs8¥
{|f+ndpmf+egf+xZs,£Znq'pwlwsuq}s|lm¤'f\eOf\xZs\¥ p5© ¡+¤'v7pwnds|lmv'x u¡+f+pmpmf ~ f\{oaq}nds|f\{o³Æu¡\£Zndf+x<
f\{oy<f\x ~ q'x7s,pwf ~ ¡+¤7f+pmv'ydyJf+egf+xZs ~ fp5© f\e,¿
du'v7x0«dPq}¸
v'xZsu|f7¥pmf\{f+±Jf+su{ ~ foprqxdf\nduv'egv ~ ndprqts|lmv'xX{|ndpmf\{¶aq'nzs|f8{³Æu¡\£Zndf+x<
f\{ ~ fp5© q7sulw¤Klws|¡oyJ¡+ulmv ~ lm£Zndf ~ n
egv ~ c+pmf¶{|v'xZsWsu|c8{Wpmlweglws|¡\{\«dfu¡\{|ndp¢sqtsIf8{ss|uc\{IlwegyJv'|suq}xZsb+q}Iv'x¨f8{sb+q}y<q}dpmf ~ f¤7v'lmIp5© ¡\¤'v7pwnzsulwv7x ~ n+v'ndydprq}7f
ÁÂjKW¿5uf+Jv'x ~ ¼Ælmx7suf+u¤tq}pmpwf ~ fs|f\egy{f\xZs|ufpwf,y<v's|f\x7sulwf\pyJv7{(s(¿Â{|Zx<q}yzsulm£Zndflmxdadlmdlws|f\nd¶f+spmfouf+Jv'x ~ £Zndl {(nl¢s{(nd
pmfy<v's|f\x7sulwf\p egf+e,dq}xq'lwuf ~ f\{xdf+nduv'xf\{ ~ f)sKyJfÁ(Á|Á(½f\x1³Æv'x
s|lmv'x ~ fp5© f ¨+q'+l¢su¡ ~ fp5© ÁÂjK «Ef8{{|lwe,ndprqts|lmv'x<{
{|f+uv'xZsb+v'xz³Æuv'xZsu¡+f\{q'nz ~ v7xdxd¡\f\{b¡+pmf\
s|uv'ydaKz{|lwv7pwv7'lr£7nf\{\«
À qU®'n|f ¼Y=7½)egv7x7su|f      f+xÃ³Æv'x<s|lmv'x ~ fpY© f¨+q7
lws|¡ ~ fpmq¯
v7xdxdf
zlmv'x ? b¿ f+u'lr£7nflmxdadlmdl¢su|lr
f
yJv'nd ~ lw±J¡\|f\xZs|f\{¤tq}pmf+nd{ ~ f\{b
v7x{(suq}xZsuf\{ ~ fsuf+egy{ ~ f¸prq ~ Kxq'eOlr£Zndf ~ f¶xf+nduv'egv ~ ndprqtsulwv7x0«7Indlm{u£Zndfpwf8{If+±Jf+su{
~ fXprq¯xdf+nduv'egv ~ ndprqtsulwv7xÃ{|ndpmf\{gaq'nzs|f8{g³Æ|¡8£Zndf+x+f\{ ~ f1p5© q7sulw¤Klws|¡XyJ¡+ulwv ~ lr£Zndf ~ n°eOv ~ c\pwfX{|v'xZsgs|uc\{gpmlweglws|¡8{+¥
p5© f \q'+l¢su¡ ~ fprq¹+v'xdxdf+zlwv7x ? b¿ f+u'lr£Zndflmxdadlmdlws|ulm+ff8{s ~ v7xpmf1{(f\ndpbeO¡8+q'xdlm{|egfª§eg»+egf ~ fegv ~ ndpmf+
~ f³´q 
v'xX{|lw7xdlw®<+q}s|lm¤'fpwf8{aq'nzs|f8{b³Æ|¡8£Zndf+x+f\{q'nX
v'nu{ ~ n ~ ¡+¤'f\pwv7ydyJf+egf+xZs\«<f\y<f\x ~ q'x7s8¥prqg¤tq}ulmq}s|lmv'x1q'sundf+pmpmf
f\{(ssu|v7y1³´q}lmdpmfoyJv'nd¸|f\x ~ uf
v7eOyds|f ~ f\{¶yd|vz+f\{u{(n{ydaKK{|lmv'pmv''lr£Zndf\{v'{|f+u¤'¡8{+«Jf8
l
v'x ~ ndlws¸ª³Æv7|e,ndpmf+ ~ f+nz
aKKy<v's|adc8{(f8{0Å
M¿ f+xu¡+7pmq'x7seOlmf+ndpmf\{yq'uq'eOc+s|uf\{ ~ noegv ~ c+pmf'¥8v'xoy<v7nd|q}lws eglmf+nzoq'ydyduvKaf+0pmf\{|¡8{(np¢sqtsu{ydaKz{(lmv'pmv'7lm£Zndf8{
+q}Ipwfegv ~ c\pwf¶f\{(s£Znq}x ~ eg»\eOf¸£Znq}pml¢sqtsulw¤7f+egf+xZs+v'u|f8s\«'v7ndI+f+prqd¥'lmp<³´q}n ~ q}lwsq'n{|{|ld³´q'lwufndxdf¸q}xq'pwz{|f
egq}s|ad¡\eqts|lr£Zndf ~ n°egv ~ c+pmf1q ~ v'yds|¡1y<v7nd¤'v7lw{\© lmpf8{s'pmv'<q}pmf+egf+xZsgv'nApwvz+q'pwf\egf+xZsl ~ f\xZs|lw®<q}dpmf'«ÊjKlpmf
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effectiveness
Gaba
NM
NM
NM
1
2
3
1/HF   (s)1
1.3000 1.3562 1.4125 1.4688 1.5250
7.938
8.125
8.312
8.500
+
+
+
+
+
+
+
+
+
+ + + + + +
×
×
×
×
×
×
×
×
× ×
× ×
× ×
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕ ⊕ ⊕
⊕
 =dÅ aq'xd'f\eOf\xZs ~ fXpY© q'
s|lm¤Zlws|¡  ~ n°egv ~ c+pmf ¼8}<½gª¯prq {(nl¢suf ~ fXpY© lmxdadlmdl¢sulwv7x°yd|v7'uf\{u{(lm¤'f ~ fXprq

v7xdxdf+Klmv'x ? b¿5f\|7lm£Zndf¸lwxadlwl¢su|lr
f)yJv'nd ~ l¢±C¡+uf+xZs|f8{b¤tq}pmf+nd{ ~ f)prq ~ Zx<q}eglm£Zndf ~ f)xf+nduv'egv ~ ndprqtsulwv7x0«
eOv ~ c\pwf¸f\{(s'pmv'q'pwf\egf+xZsl ~ f+xZsul¢®<q'dpmf'¥zq}pmv'{+¥ZlmpEx0© f8{syq7{Êf+xegf8{(nduf ~ f|f\yd|v ~ nlwufp5© ¡\¤'v7pwnzsulwv7xq'n
v7nd{
~ nXs|f\egy{ ~ f\{¶aq}nzsuf\{³Æ|¡8£7nf+x+f\{\«JºUq'lm{¶{+© lmpx0© f\{(s¸£Zndf,pwvz\q}pmf+egf+xZsl ~ f+xZsul¢®<q'dpmf'¥Jlwpy<v7nduuq'l¢sf+zlm{(s|f\ndxdf
<v7xdxdfydprq}7f ~ fy<q}q}egc
su|f8{Pq:¤'f\bpmf\{u£Zndf+pr{Wpmfegv ~ c+pmf{|f+q}lwsª)eg»+egf ~ f|f\yduv ~ ndlwufp5© ¡\¤'v'pmnzsulwv7x¨q}n¨
v7nd{
~ nsuf+egy{ ~ f\{aq'nzs|f8{Ê³Æ|¡8£Zndf+x+f\{\«
­¿ lwpzf+Klr{(s|fbndxq}nzsu|fbeg¡\\q}xdlr{|eOf£Zndf+f+pmndl ~ fp5© f \q'+l¢su¡ ? b¿ f+u'lr£7nflmxdadlmdlws|ulm+f'«Zfeg¡\\q}xdlr{|eOf{|f+q}lws
|f8{(yJv'x{uq}pwf ~ na<q}xd7f+egf+xZs ~ f\{Êlmx7suf+u¤tq}pmpwf8{lmxZs|f\(¿ <v7nz±C¡+f\{suv'nzsq}npwv7xd ~ n ~ ¡+¤'f\pwv7ydyJf+egf+xZs ~ n|¡8{(f8q}n
f+eo|7v'xdxq'lwuf'«}¶xgy<f\x{|f£7n © lmp<{\© q''lws ~ © nxeO¡8+q'xdlm{|egf ~ f|¡\'ndprqtsulwv7x,lmxZs|ulwx<{(c8£7nfq}nzoxf+nduv'xdf8{ ~ fbsKy<f
Á(Á(Áb£Zndl0{|f+q}lwsbypwnzsuË}sndxX+v'ndq}xZsblwv7xdlm£Zndf   <«
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À q,®7ndufO¼57}½egv'xZsu|fpmfaq}xd7f+egf+xZs ~ f)prq,yJ¡+ulmv ~ f ~ © q7s|lm¤Kl¢su¡)lwx ~ ndlwsyq}ndxf)lwxdalwdlws|lmv'x1yduv'7|f8{|{|lm¤'f ~ f
prq+v'xdxdf+zlwv7x ? b¿ f+u'lr£Zndf'«EÀ f\{¶s|uv'lr{¶+v'nduJf\{¸lwpmpmn{su|f\xZs+f\{¸egv ~ l¢®<\qtsulwv7x{¸y<v7nd¸s|uv'lr{ ~ lw±C¡+uf+xZsu{xdlm¤'f8q}nz
~ fOxdf+n|v7eOv ~ npmq}s|lmv'x ~ v7xdxd¡8{ ~ q'x{¶pY© q}ydyJf+x ~ lm+f¼Y·f\¤dz¥E·f\¤z¨f
s)·¶f+¤Kh ~ q}x{¶pwfOyq'uq''q}ydadf¨¼ ¶« hK½(½
«C·¶fgaq}nds
f+xSq'{\¥v7x v'{|f+u¤'f¨£Zndfpmq ~ Kxq}eglr£Zndf ~ fxdf+n|v7eOv ~ npmq}s|lmv'x yJf+ueOf+s ~ f|f\yduv ~ ndlwufndxdf1q'
s|lm¤Kl¢su¡¨v'{|f+u¤'¡\f
~ nÃ|¡8{(f8q}n f\eodu'v7xdxq}lmuf ~ fXUJv'nz±C¡+f8{osuv'nzsuf\{Opmf ;}'{¼´·¶f+¤KhZ½
¥ ~ f ;U<v7nz±C¡+f\{,suv'nzsuf\{Opwf8{;}7{¼Y·f\¤KZ½f+s\¥
f+xd®x0¥ ~ f1UJv'nz±C¡+f8{suv'nzsuf\{Opwf8{<;}7{¼´·¶f+¤d7½¼´pwf8{,¤tq'pwf\ndu{oxKndeg¡+ulm£Zndf8{ ~ f8{oy<q}q}egc
su|f8{o{|v'xZs ~ v7xdxd¡\f\{ ~ q}x{
p5© q'ydy<f\x ~ lr
f§¼ ¶« hK½(½
«À f\{)su|v7lm{y<v7lwxZsu{of
zyJf+ulwegf+xZsq}nz¯lwx ~ lm£Znd¡8{yq'ndx ~ lr{u£7nf¨xdv'lmo{|ndprq1®<«¼YZ}½v7xZs¡
s|¡
nzsulwpmlm{|¡\{¸yJv'nd)u¡+7pwf\pmf\{yq'uq'egc
s|uf\{ ~ n¯eOv ~ c\pwf7¥0³«Eyq'uq''q}ydaf¨¼´d«m8½
«0À qegv ~ l¢®<\qtsulwv7x ~ fOpY© f¨\q'
lws|¡ ~ fgprq

v7xdxdf+Klmv'x ? Ê¿5f\|7lm£Zndflwxdalwdlws|ulr
fo¼     ½Plmxnf+x+fpmqy<¡\|lmv ~ fyq'Iyq'pwlmf+8¥ ~ f³´q 
v7xdunzsuq'pwf7¥7q}negv7eOf\xZs~ f¨p5© q}ydyq'|lws|lmv'x ~ © ndxdf¨xv'nd¤7f+pmpwfgJv'nz±C¡+f7«À q1xf+nduv'egv ~ ndprqtsulwv7xv7ndf¨pmf|Ë7pwfydulmx
lmyq}p ~ q}x{pwfu¡+7pmq''f ~ f¨prq
yJ¡+ulwv ~ f ~ © q'
s|lm¤Zlws|¡7«
À q ®'ndufS¼5}7½¨egv'xZs|ufUpmf¹aq'xd'f\eOf\xZs ~ f§prq ~ nd|¡\f ~ f¹pY© lwxZsuf+u¤:q'pwpmf ~ f¹{|lwpmf+x+fUlmx ~ ndlwsy<q}nx dpmvz+q}7f
yduv'7|f8{|{|l¢³ ~ f¸prqg
v7xdxdf
zlmv'x ? b¿ f+u'lr£Zndf'«z v'n ~ f\{byJf
s|lws|f8{¤tq}pmf+nd{ ~ f)p5© f \q'+l¢su¡ ~ nK? Êo¥dp5© q'ydyq}ulws|lmv'x
~ © ndxdfXxdv7nd¤'f\pwpmf1<v7nz±C¡+fX³´q'l¢sq'nd'egf+xZsuf+ ~ f1³´q +v'x°dunzsuq'pwf1p5© lmxZs|f\|¤tq}pmpmf ~ fU{(lmpmf+x+f'¥Pprq y<¡\|lmv ~ f ~ © q7sulw¤Klws|¡Xf
s
prq ~ n|¡\f ~ fpY© ¡+ylm{|v ~ f'¥P³«®<«¼Y7'½)f+s,®<«¼Y}Z½« Wpmn{OpY© f¨\q'
lws|¡lmxdadlmdl¢su|lr
f ~ n ? b q'nd'egf\x7suff+sgypwn{
p5© q'nd'egf+xZsqts|lmv'x ~ fgpmqy<¡\|lmv ~ fOf\{(spmlm¡+fgªp5© q'nd'egf\x7sqtsulwv7x ~ fOpmq ~ ndu¡+f ~ fgp5© ¡\ydlm{|v ~ f1¼´+q'n{|¡+fOyq}p5© q'ydyq}ulws|lmv'x
~ © ndxdfgxdv7nd¤'f\pwpmf,Jv'nd±J¡\f8½¶ydpmnzs|Ë's)£Zn0© ªndxdfq}nd7egf+xZsuq}s|lmv'x ~ fgprq ~ nd|¡\f ~ fOp5© lwxZs|f\|¤tq'pwpmf ~ fg{|lmpwf\x
f7«Cn ~ f+prª ~ f
:¿ÂUJv'nd±J¡\f\{gyq'O¡\ydlr{(v ~ f7¥p5© q'sulwv7x ? b¿ f+u'lr£7nfx0© q¯yduq}s|lr£Zndf+egf+xZsgydpmn{q}n+ndxSf+±Jf+s¨{(ndgp5© lmxZs|f\|¤tq}pmpmf ~ f
{|lwpmf+x+f ~ n1|¡8{(f8q}n0¥zeq'lm{{|f+ndpmf+egf\x7s{|ndpmf)xdv'e,duf ~ f)<v7nz±J¡\f\{y<q}¡\ydlm{|v ~ ff
s{|ndprq ~ ndu¡+f ~ f)p5© ¡\ydlr{(v ~ f7«J¶x
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5
1
7
6
3
4
spikes
spikes
spikes
spikes
spikes
spikes
spike
2
period (s)
effectiveness
gaba
120.0
148.8
177.5
206.2
235.0
263.8
292.5
321.2
350.0
+
+
0 1.2844 1.3188 1.3531 1.3875 1.4219 1.4562 1.4906 1.5250
+ + +
+
+ + +
+ + +
+ + +
+ + + +
+ +
+ +
+ +
+ +
+ + +
+ + +
+ +
+ + +
+
+
+ +
+ +
+ +
+
+ +
+ +
 7zÅ]jzlwe,ndpmq}s|lmv'x{ ~ nSaq'xd'f\egf+xZs ~ fpmq§y<¡\|lmv ~ f ~ © q'
s|lm¤Zlws|¡|Zsuadeglm£Zndf ~ n egv ~ c+pmf ~ fpmqU®«Ê¼8}<½oª
prq¨{(nl¢suf ~ fp5© lmxdadlmdlws|lmv'xXyduv'7|f8{|{|lm¤'f ~ fprq¨
v7xdxdf
zlmv'xK? b¿5f\|7lm£Zndf)lmxdadlmdlws|ulm+fy<v7nd ~ l¢±C¡+uf+xZs|f8{¤tq}pmf+nd{ ~ f
xdf\nd|v7egv ~ ndpmq}s|lmv'x0¥K¤7v'lmsuf
Ks|f7«À0f8{ ~ lr{|£Zndf8{bxdv'lmu{Êlmx ~ lr£Zndf+xZspmf\{byJv'lmx7s{ ~ f³Æv'x<s|lmv'xxdf+egf+xZsydaKz{(lmv'pmv'7lm£Zndf8{ ~ n
u¡\{|f\q}nf+e,d|7v'xdx<q}lm|f¸f+x³Æv'x
s|lmv'x ~ f8{|£Zndf\pm{bpmf\{byq'uq'egc
s|uf\{ ~ n1egv ~ c+pmfv'x1¡
su¡|¡\'pm¡\{\¥d³«q'ydy<f\x ~ lr
f¼5¶« hZ½
«
gaba
effectiveness
spikes
6
1
spike
2
spikes
3
spikes
5
spikes
spikes
7
spikes
4
Silence period 1/LF (s)
1.2844 1.3188 1.3531 1.3875 1.4219 1.4562 1.4906 1.5250
120.0
142.5
165.0
187.5
210.0
232.5
255.0
277.5
300.0
+ + +
+ + +
+ + + + + +
+ + + + + +
+ +
+ +
+ +
+ + +
+ + + + + +
+
+ +
+ +
+ +
+ + + +
+ +
+ +
0
 }dÅaq}x'f+egf\x7s ~ fpY© lmx7suf+u¤tq}pmpwf ~ f¶{(lmpwf\x
f ~ fpY© q'
s|lm¤Kl¢su¡|Zsuadeglm£Zndf ~ nu¡\{|f\q'n ~ fpmq)®«¼(\'<½Pªprq){(ndlws|f
~ npwvz+q''fPyduv'7|f8{|{|lw³ ~ fIpmq+v'xdxf
zlwv7x ? b¿ f+u'lr£ZndfPlmxdadlmdl¢su|lr
fyq}q}ydypwlr+q}s|lmv'x ~ fIlm+n
ndpmpmlwxdfÊª ~ lw±J¡\|f\xZs|f\{
¤tq}pmf+nd{ ~ f)xdf\nduv'egv ~ ndprqts|lmv'x «dÀ0f\{ ~ lm{u£Zndf\{xdv'lmu{blmx ~ lr£Zndf+xZspmf\{yJv'lmxZsu{ ~ f³Æv'x
s|lmv'xdxdf\egf+xZsydaKz{(lmv'pmv'7lm£Zndf8{ ~ n
u¡\{|f\q}nf+e,d|7v'xdx<q}lm|f¸f+x³Æv'x
s|lmv'x ~ f8{|£Zndf\pm{bpmf\{byq'uq'egc
s|uf\{ ~ n1egv ~ c+pmfv'xZs¡
su¡|¡\'pm¡\{\¥d³«q'ydy<f\x ~ lr
f¼5¶« hZ½
«
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f+x ~ ¡ ~ ndl¢s£Zndf'¥Kndxf³Æv'lr{Êyq'{u{|¡¶:¿ÂJv'nz±C¡+f8{Iy<q}Ê¡+ydlr{(v ~ f7¥Kpmqoxdf+nduv'egv ~ ndprqtsulwv7xf\{(sÊpmf{(f\ndp<eg¡8+q}xlm{|egf¶ªeg»\eOf
~ f)egv ~ ndpmf+prqO¤:q'pwf\nd ~ f)p5© lmxZs|f\|¤tq}pmpmf ~ f{|lmpwf\x
f7¥³«z®<«0¼Y'7½
«
¶xUq ~ v7x)ndx ~ f+nzzlmc+egfu¡\{|ndp¢sqtslmegy<v7(sq}xZs Å'n{|£Zn0© ª ~ f\nzK¿Ysu|v7lm{<v7nz±J¡\f\{\¥ndxfoJv'nz±C¡+fo{|ndydypw¡\eOf\xZsuq}lmuf
q}n'egf+xZs|f<BtÀIAS|nzsq}pmf+egf+xZs8¥<
fO£Zndlf8{s¶¤'¡+ulw®¡f
zyJ¡+ulwegf\x7sq}pmf+egf+xZs8«<·¶foydpmn{\¥J+f
s(suf,q'nd'egf+xZsqts|lmv'x ~ f+¤Klwf\xZs
~ fydpmn{bf+xydpmn{Ê³´q}lmdpmfq:¤7f\pwfxdv7eoduf ~ fJv'nz±C¡+f8{bf
sv'xv'{|f+u¤'f¶ndxdf){|v'|s|f ~ f¸{uqtsundqts|lmv'x ~ f)
f¸eg¡\+q'xdlr{(egf'«
ÀW© q}n'egf+xZsuq}s|lmv'xdunzsuq'pwf)f8{spmlw¡\fªgpmqgpmf+xZsufq'sulwv7x1xdf+nduv'egv ~ ndprqtsu|lr
flmxdadlmdlws|ulm+f¨¼  
 ½« xdf)Jv'nz±C¡+fo{|ndyz¿
ydpm¡+egf+xZsq}lm|ff+xZs|q:²Çxdfnxdflmxdadlmdlws|lmv'xÃydpwn<{,7uq'x ~ f¨f+sBtÀIA ~ f+¤Klwf\xZs,ydpmn{O'q}x ~ «·,© nxÃq}nds|uf
Ë's|¡7¥v7xS{uq}lws
q}n<{|{|l0£Zndfpwf8{{(Kxq'y{(f8{by<f\nd¤'f\xZs{uqtsunduf+ªg+q}n<{(f ~ n1xdv7eoduf¶pmlmeOlws|¡ ~ f+q}x<q}nz{|Kxq}yzsulm£Zndf8{bydu¡\{|f+xZsu{ ~ q'x{bpmf
xdf\nd|v7xdf¼´
³«'³Æv7xsulwv7x7q'eOeq ~ q'x{Wpmfyq'uq''q}ydaf¸¼ ¶« Z½ ~ fp5© q}ydyJf+x ~ lm+f8½«Klmx{|lY¥7pmqo{|q}s|ndqtsulwv7xg£Zn0© v'xgv7{(f\|¤7f
f\{(sydpmnzs|Ë's ~ ndf)ªgndxdf){uqtsunduq}s|lmv'x ~ f\{bu¡\+f+yzsuf+nd{Êy<vZ{s|¿ {|Kxq}yds|lr£7nf\{\«
Alwx<q}pmf+egf+xZs\¥<v'xXq¨q'n{|{|l0ndxUs|uv'lr{(lmc+egf)u¡\{|ndp¢sqtslmegy<v7(sq}xZs Å BtÀIA xdf¤tq'|lmf)yq'{f+x1³Æv7xsulwv7x ~ fp5© f \q'+l¢su¡
~ fgprq+v'xdxf
zlwv7x ? b¿ f+u'lr£7nf,lmxdadlmdlws|ulm+f¨{(lPpmfgxdv'e,d|f ~ fgJv'nz±C¡+f8{)f\{(s
v7x{sq}xZs\«¶x qndx f
±Cf
s ~ lr{|+v'xz¿
s|lmxKn ~ fp5© q}nd7eOf\xZsuqtsulwv7xX
v'xZsulwxKndf ~ fop5© f \q'+l¢su¡ ? b¿ f+u'lr£Zndf'«<À0f\{xdf+n|v7dlwv7pwv7'lr{suf\{Ê³´q'lm{uq}lmf+xZsp5© aKKyJv}s|ac\{|f
~ © ndx ~ ¡+¤7f+pmv'ydyJf+egf\x7s ~ lr{|+v'xZs|lmxKnq'n+v'nd{ ~ ns|f+egy{ ~ f\{bu¡\
f\yzs|f\nd{Ê{|Kxq}yds|lr£7nf\{ ? b¿ f+u'lr£Zndf\{¼ ~ 0¥dyJv'nd
f
zf\eOypwf7¥:ª¶prq ~ nydpwlr+q}s|lmv'xg{(v7n ~ q'lwxdf ~ fbxdf+n|v7xdf\{ ? b¿ f+u'lr£Zndf\{½ y<v7nd f
zydpmlm£Zndf\+f
s(sufb¡+¤'v7pwnds|lmv'xoy<q}yq}pmlwf\\«
f
s|s|faKKy<v's|adc8{(f¶x0© f8{syq7{Êxd¡\+f\{u{|q'lwuff
spmf¶yad¡+xdv7egc+xdf ~ f ~ lr{|+v'xZs|lmxKndl¢su¡¶f8{s ~ 1ª ~ f\{Êdlw³Ændu\qtsulwv7x{q7{|{|vz
lm¡+f8{
ªOpmqO¤tq}pmf+n ~ f)pY© f¨\q'
lws|¡ ~ f)prqg
v7xdxdf
zlmv'x ? b¿ f+u'lr£Zndf¸lwxdalwdlws|ulr
f'«
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"  8  Ï+ Y¹Ò dÏ+ ´Í   # Ko KÒY  K	:Í  Z #	Ï 3  !< +Ï! ´¯Ò zÏ+ YÍ  #	K KÒY  K	tÍ  K #	Ï 3 
 ZÏ < Í<­\Ï+ Y¹Ò dÏ+ ´Í   ,J  dÒ Y\ K
xf{sulwe,ndprqts|lmv'x q'ydydpmlm£Znd¡\f¨q}nz {(f\ndpm{oxdf+n|v7xdf\{ ~ f¨sZyJf¨Á|Á(Á¥ v7n ndxdf{(s|lmeondprqtsulwv7x '¡\xd¡+q}pmlm{|¡+fgªUaq7£Zndf
xdf\nd|v7xdf ~ nXu¡\{|f\q'n ~ v'xdxfopmlwf\nUªndxdf,|¡\y<v7x{(f)l ~ f\x7sulm£ZndfOª¨
f\pwpmfv7zs|f\xZnfoq:¤'f8ndxdf,{(s|lmeonpmq}s|lmv'xU{|ndpmf\{¶{(f\ndpm{
xdf\nd|v7xdf\{ ~ f¶sKyJf)Áf+sÁ(Á¥+f\
l 'Ä'
fq}ns|f\egy{u¡
³Æq'sq}lm|f ~ © q'sulw¤tq}s|lmv'x ~ f)aq'£Zndfxdf\nduv'xdf7«
"  8
#  Ï+ Y¹Ò dÏ+ ´Í   :3  # Z# tZ  d
À0v7u{u£ZndfOpwf8{)xdf+n|v7xdf\{ ~ n¯egv ~ c\pwf§¼(\'<½{(v7xZs¸suv'n{o{(v7ndeglm{ª ~ f\{{(s|lmeondprqtsulwv7x{)q}ydl ~ f8{+¥Csuv'nzsuf\{)pmf\{7X{+¥
pmf)|¡8{(f8q}n1{(f{|Kxaduv'xdlr{(f{|nd
f8{{sulwe,ndprqts|lmv'x<{f
Ks|¡\|lmf+n|f8{f+syduv ~ ndlwsndxdf{|f+ndpmf)<v7nz±C¡+f)yq'¡+ydlr{|v ~ f'¥d³«®«
* * * * * * * * * * * * ** *
mV
time (s)
0 600 1200
-60
-40
-20
 IDdÅMsulw¤Klws|¡ ~ n u¡\{|f\q'n ~ f¨xdf\nd|v7xdf\{ ~ f¨pmqX®«Ê¼\'<½¸egf\{|ndu¡+f{|ndpmf¨yJv}s|f\xZs|lmf+p ~ n xdf+nduv'xf ~ fsKy<f
Á«Ca<q}xd7f+egf+xZs ~ n§xdv'e,d|f ~ f<v7nz±C¡+f\{¶yq'¡+ydlr{|v ~ ff
s ~ fp5© q7s|lm¤Kl¢su¡ouZs|adeglr£7nf ~ nXu¡\{|f\q}n1yduv ~ ndlws¶yq'ndxdf
{|ndl¢suf ~ f){sulwe,ndprqts|lmv'x<{buq'ydl ~ f\{{|ndpwf)u¡\{|f\q'n¨suv'nzsuf\{bpmf\{7,{\«
¼YD7½
¥d
v'egegf ~ q'x{bpmqg{|l¢sunqtsulwv7xyaZz{|lwv7pwv7'lr£Zndf'«
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"  8 1  Ï+ Y¹Ò dÏ+ ´Í   # Z  K tÍ  K    Ñ!)	tÍ   ´ zÏ! ´Í 
À0foeOv ~ c\pwfof\{(s¸ªeg»+egf ~ f,{|Zx<ad|v7xdlr{(f\{(v7xUq'sulw¤Klws|¡uZs|adeglr£Zndfoq:¤'f8 ~ f\{¶{sulwe,ndprqts|lmv'x<{f
Ksu¡+ulwf\nd|f8{+«<À0f\{
xdf\nd|v7xdf\{¶v'xZs¡
su¡O{(s|lmeondpm¡\{¸lmxdlws|lrq}pmf+egf+xZs)q:¤'f\ ~ lw±J¡\|f\x7s{¶s|f+egy{ ~ fOprqts|f\x
f1¼ÆlmxZs|f\|¤tq}pmpmf ~ f,s|f\egy{¸f+xZs|uf,prq®<x
~ n ~ f+uxdlmf+¸¡+ydlr{|v ~ fO{|y<v7xZsuq}x¡of
s)prqy|f\eOlmc+uf,{(s|lmeonpmq}s|lmv'x<½f
sª ~ l¢±C¡+uf+xZsuf\{¸y<¡\|lmv ~ f\{\¥C³«C®<« ¼Y'Z½«E ¤7f\ ~ f\{
{(s|lmeondprqtsulwv7x{Iq}yl ~ f8{If+sndxyJf
sul¢sbs|f\egy{ ~ f¶prqtsuf+x+f'¥Kp5© q7s|lm¤Kl¢su¡¶uZs|adeglr£Zndf ~ nu¡\{|f\q}n{(f¸|¡ ~ ndlwsbª ~ f\{Ê¡\ydlm{|v ~ f\{

v7egy<vZ{(¡8{,{|f+ndpmf+egf\x7s ~ f ~ f\nz Jv'nz±C¡+f8{+¥W
³« ®«¼´7}<½
« µWx­q}nd7eOf\xZsuq}xZsOpmq¹y<¡\|lmv ~ f ~ f\{g{(s|lmeondprqtsulwv7x{Of
spmf
s|f\egy{ ~ f¶prqtsuf+x+f'¥Kv'xv'{|f+u¤'f£Zndf¸pmf\{¡+ydlr{(v ~ f8{b{(v7x7sb
v7eOyJv7{|¡\{ ~ f¶ydpwn<{ ~ f ~ f\nz¨Jv'nz±C¡+f8{+¥z³«Z®<«E¼´'7\½
«Z¤'f8
ndxs|f\eOy<{ ~ fpmq}s|f\x
f¸y<f+s|lwsf
sndxdf)yJ¡+ulmv ~ f ~ f){(s|lmeondprqtsulwv7xypwn{b7uq'x ~ f7¥Zv7xyJf+nzsq'n{u{(lEq}pws|f\|xf+ ~ f\{q7sulw¤Klws|¡\{

v7egy<vZ{(¡\f\{ ~ f ~ f+nzgJv'nz±C¡+f8{Wyq' ~ f\{I¡+ydlr{|v ~ f\{W+v'egy<vZ{(¡8{ ~ © ndx¨ydpmn{I'q}x ~ xdv'e,duf ~ fJv'nz±C¡+f8{+¥Z³«'®«J¼´' ~ ½«
* * * * * * **
* *
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mV
mV
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-57.0
-50.8
-44.7
-38.5
-32.3
-26.2
-20.0
0 160 320 480 640 800
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  'Å¯
s|lm¤Zlws|¡ ~ nXu¡\{|f\q}n ~ fxdf+n|v7xdf\{ ~ foprqg®<«¼8}<½eOf8{(n|¡\fo{(npmfoyJv}s|f\xZs|lmf+p ~ nXxdf+n|v7xdf ~ fosZyJfÁ«
ÁÂxnf+x+f ~ f\{{(s|lmeondprqtsulwv7x{{|ndpwf)xv'eo|f ~ f)Jv'nz±C¡+f8{yq}¡\ydlr{(v ~ ff
s{|ndp5© q7sulw¤Klws|¡|Zsuadeglm£Zndf ~ nu¡\{|f\q}n «
À0feOv ~ c\pwff\{(sq}lmx{|l<+q'yq}pwf ~ f|f\yd|v ~ nlwufpwf¶
v'egyJv'|s|f\eOf\xZs
prq'{u{(lr£Zndfv'ds|f+xKn¨ª)prq{|ndlws|f ~ f¶{sulwe,ndpmq}s|lmv'x{
q}ydl ~ f\{ Å ~ lmeglwxKnzsulwv7x ~ n­xdv7eoduf ~ f§Jv'nd±J¡\f\{¨y<q}¨¡\ydlm{|v ~ fUf+su¡+'uf\{u{|lwv7x ~ f¹pY© q'
s|lm¤Zlws|¡§|Zs|aeOlr£Zndfn{u£Zn0© ª
v'ds|f+xlwndxfq'sulw¤Klws|¡)
v7egyq}q}dpmfªO+f+pmpwf ~ f\{byduf+eglmf+{{sq ~ f8{ ~ n ~ ¡+¤7f+pmv'ydyJf+egf+xZs ~ n1u¡\{|f\q}nf+e,d|7v'xdx<q}lm|f7«
 &R"!
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¶xyJf+nzsbeq}lmx7suf+xq'xZsIyduv'yJv7{|f+WndxeOv ~ c\pwf ~ n¨u¡\{|f\q'n|adv7eoJv'eg¡+ulr£7nff+x¨u¡+ydpmlr£7n<q}xZsIpmfegv ~ c+pmf ~ n|adv7eO¿
Jv'egc+uf ~ ¡+¤7f+pmv'ydyJ¡¨ydu¡\+¡ ~ f\egeOf\xZs\¥ f+sof+x y|v7y<vZ{|q'x7s ~ f\{+v'xdxdf+zlwv7x{)lmx7suf+|¿5uadv7eoJv'eg¡+ulm£Zndf8{)q:7q'x7s+v'egegf
ydulwx<
lmyq}pCv'df
spmqO
vKv7 ~ lmxq}s|lmv'x ~ fp5© q7sulw¤Klws|¡ ~ nu¡\{|f\q'n0«KÀ0fegv ~ c+pmf¶f8{sq7{(¡{(nsu|v7lm{b\q}q'su¡+ulm{(s|lr£Zndf\{Iydulwxz¿

lmyq'pwf8{0Å
 pmqgxdf\nduv'egv ~ ndprqts|lmv'x «dÀ qgxdf\nd|v7egv ~ ndpmq}s|lmv'x1f\{(s¶+v'x{|l ~ ¡+u¡+flm+l+v'egegf)ndxXydad¡\xdv'egc+xf ~ fo
vKv7 ~ lmxq}s|lmv'x
lwxZs|f\f+sXlwxZs|qt¿ uadv'e,<v7eOc\|f8{+«IµWpwpmf ¡+¤7v'pmndf¹lmx ~ ¡\y<f\x ~ q'eOegf\x7sXq}nM
v7ndu{ ~ nBs|f\eOy<{+¥uadv'e,<v7egc+ufUyq}
|adv7eoJv'egc+uf'«
 pY© q'
s|lmv'xUf\x§v'yy<vZ{(lws|lmv'x ~ f,yaq'{|f ~ f8{¸xdf+nduv'xf\{ ~ fOsZyJfOÁ(Á(Á¶f
s ~ f\{¸xdf\nduv'xdf8{ ~ f,sKy<fOÁf+sÁ|Á«EÀW© q'sulwv7x
f+x1v'ydyJv7{|lws|lmv'x ~ fyda<q'{|f)f\{(s|¡8q}pmlm{|¡+f)7uÄ7
f)ªgndxXuf
sq} ~~ © q7s|lm¤tqtsulwv7xf\xZs|uf)pwf8{xdf\nd|v7xdf\{ ~ f)sKy<fÁ|Á(Ábf
s
pwf8{bxdf+nduv'xf\{ ~ f¸sKy<f)Áf
sÁ(Á«0¼ f
s|s|f)yq'(sulwff\{(s{(|f\eOf\xZsbprqOegv'lmx{ ~ ¡+¤7f+pmv'ydyJ¡+f ~ negv ~ c+pmff
sprq,egv7lwx{

v'egydulr{(f ~ n1|¡8{(f8q}n0« ½
Type III Type II
Type III Type II
Type I
Type IIIType I
Type III
rhombomère a rhombomère b
 C'Å§¡\{|f\q}n ~ f)xf+nduv'xdf8{bv'u7q'xdlm{|¡¸f+xXuadv'e,<v7eOc\|f8{b
vKv' ~ v'xxd¡\{Êf+xZsu|f)f\nzE«À0f)uadv'e,<v7egc+uf¸ypwn{pwf\x7s
lmeOyJv7{|fg{|qy<¡\|lmv ~ f¼´'Ä'
fOª¨p5© q7sulwv7xUxdf+n|v7eOv ~ npmq}s|ulm+f8½f+s{|v'x§xdv'e,d|f ~ fO<v7nz±J¡\f\{g¼Æ7uÄ7
foªpY© q'
s|lmv'x ?¸pwnz¿
f+u'lr£Zndf8½ªp5© q'nzs|uf'«'jzldv'xq}pws|c\|f+f\{Plmxz³Æv'ueqtsulwv7x{+¥tq'nOpmlmf+n ~ © q:¤'v'lm ndxdfJv'xdxf
vKv' ~ lmxqtsulwv7x,f\x7su|fbpmf\{ ~ l¢±C¡+uf+xZsu{
uadv'e,<v7eOc\|f8{+¥Kv7xv7{(f\|¤7f ~ f\{{|l¢sunqtsulwv7x{ ~ f)yq}s(s|f\|x1q}pws|f\|x¡\{\«
 ndxdf,+vKv' ~ lwx<qts|lmv'xXf\xZs|ufpwf8{ ~ l¢±C¡+uf+xZsu{¶uadv'e,<v7eOc\|f8{ ~ n¹|¡8{(f8q}nXu¡
s|lr
npmq'lwuf'¥J£7nlyJf+uegf
s ~ © v7zs|f\xdlmndxdf
q'sulw¤Klws|¡)u¡+7ndpwlmc+uf'«¶xX{uq}lwsf
zy<¡\|lmegf+xZsuq'pwf\egf+xZs£Zndf)pwf)uadv7eoJv'egc+ufpwf)ydpmn{pmf+xZslmegy<vZ{(f{uqOy<¡\|lmv ~ f)f
s
{(v7x§xdv7eoduf ~ f<v7nz±J¡\f\{)ªp5© f\x{(f\eodpmf ~ n¯|¡8{(f8q}n§uadv7eoJv'eg¡+ulm£Zndf7«0jKlPndxdfgsuf+pmpwf
vKv7 ~ lmxq}s|lmv'x ~ f+¤Klwf\xZs
eOv7lwx<{f \q'+f'¥CpY© q'
s|lm¤Kl¢su¡ ~ n¹|¡8{(f8q}nUyJf+nds»+s|ufO\q}q'
s|¡+ulr{(¡\fyq}¸ndxdfgq}pws|f\|x<q}x+f ~ f8{¶¡\ydlr{(v ~ f8{¸q:¤7f\)nx
xdv'e,d|f ~ lw±J¡\|f\xZs ~ f)<v7nz±C¡+f\{\«
À0fegv ~ c\pwf¶eOv7xZs|ufdlmf+x£Zndf7¥Z{|lJpmq)yJ¡+ulmv ~ f ~ f{sulwe,ndprqts|lmv'xf8{sÊs|uc\{ ~ lw±J¡\|f\x7suf ~ f¸prq)y<¡\|lmv ~ flmxZs|ulwx<{(c8£7nf
~ n|adv7eoJv'egc+uf'¥nx)f+xZs|q:²Çxdf+egf\x7sP7Åw ~ fPp5© q'sulw¤Klws|¡ ~ n)eOv ~ c\pwfPy<q}0ndxfW{(ndlws|fIy<¡\|lmv ~ lm£Zndf ~ fW{sulwe,ndpmq}s|lmv'x{
x0© f8{s¶ydpwn<{yJv7{u{(lmdpmf'¥J³«<®«¼´77½«Ef+prqx0© f\{(s¶yq7{ndxU+v'egy<v7(suf+egf+xZsyaZz{|lwv7pwv7'lr£Zndf)xqtsunduf+p5¥eq}lr{yJf+nzs
xd¡\q'xdegv'lmx{b»
su|f)v7{(f\|¤7¡f
zy<¡\|lmegf+xZsuq'pwf\egf+xZs\«Jf8
l0f8{s ~ UªgpmqgyJv7{u{(lmdlmpwlws|¡ ~ © lmegy<vZ{(f\ ~ f\{{sulwe,ndpmq}s|lmv'x{
{|q'x{Ê|f+s|v'n ~ © lmxz³Æv7|eqtsulwv7x{ ~ f{|Kxaduv'xdlr{|q}s|lmv'x0«KÀ0f)egv ~ c\pwf7¥deg»+egff+x1|¡\y<v7x ~ q'x7sq:¤7f\ ~ f\{¡\ydlr{(v ~ f8{ª
lwxZs|f\|¤tq'pwpmf\{Êu¡+'npwlmf+{+¥Kf8{|{uq}lmf ~ f¸uf
suv'nduxdf\bªg{|v'x¡
sqtsv7{u
lmpwprqtsuv'lm|f¸v'ulm'lmxdf+pCf+x1q}pws|f\|x<q}xZs ~ l¢±C¡+uf+xZs{ÊsZyJf\{
~ fyqts|s|f+ux0¥df+sy<f\nzsegv'xZs|uf+b7pwv7q}pmf+egf+xZs ~ f8{bf+xZs|q:²Çxdf+egf\x7s{ ~ f¸sKy<f)x0Å e1«
lmx{(l5¥Jydpwn<{(lmf+nd{uadv7eoJv'egc+uf\{+v'xdxf\su¡\{f+x{|f+e,dpwf8{¶{|fo+vZv7 ~ v'xdxdf\xZsf
s ~ v'xdxf+xZsxq'lm{u{|q'x
f,ªndxdfOq'¿
s|lm¤Zlws|¡o|Zs|aeOlr£Zndf
v7egeondxdf7¥
v7egeOf)pmfegv ~ c+pmf)pmfegv'xZs|uf{(npmqO®<« ¼5}7½
«JjKl
f)sKyJf ~ fo
vKv7 ~ lmxq}s|lmv'x
f\{(s¶q}pws|¡\|¡7¥dv'xXyJf+nzsq:¤'v7lw ~ f8{¶{|lws|nq}s|lmv'x{ ~ © q'p¢suf+uxq}x+f ~ fy<qts(suf+ux0¥<+v'egegfpmfegv ~ c+pmfpwf,egv'xZs|uf{(nprq
®«0¼Y7'½
¥dq:¤'f8¶+f+yJf+x ~ q'xZsndx1f+xZs|q:²Çxdf+egf\x7s ~ f¸sKyJf'Å d«
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* * * * * * * * * * *
t (s)
t (s)
b
a
mV
mV
0 240 480 720 960 1200
−57.0
−50.8
−44.7
−38.5
−32.3
−26.2
−20.0
0 240 480 720 960 1200
−80.0
−68.3
−56.7
−45.0
−33.3
−21.7
−10.0
 JZzÅXsulw¤Klws|¡ ~ n|¡8{(f8q}n ~ f¸xf+nduv'xdf8{ ~ fpmqo®<«0¼\'<½egf\{|nd|¡\f){(ndbpmfy<v's|f+xZsulwf\p ~ nxdf+nduv'xf¶Á¼´qZ½If+s{(nd
pmfy<v's|f+xZsulwf\p ~ ngxdf\nd|v7xdf ~ fbsKyJfÁ(Á(Á¼´<½«7ÁÂxndf\x
f ~ f\{W{(s|lmeondprqtsulwv7x{P{|ndWpmfxdf+nduv'xf ~ fbsKy<fÁf
sIÁ|ÁÊ¼´lwx ~ lm£Znd¡\f\{
yq' ~ f\{I¡
suv'lmpwf8{u½P{|ndWpmfxdv7eoduf ~ fJv'nd±J¡\f\{Wy<q}W¡\ydlm{|v ~ ff+s{(nIp5© q7s|lm¤Kl¢su¡u7suadeglm£Zndf ~ n¨|¡8{(f8q}n0«tÁÂp<Oq¥7+v'egegf
~ q'x{pmf\{¸+q7{y|¡8
¡ ~ f+xZsu{¶ndxdfO{(Kxaduv'xlm{uqtsulwv7xXf+xZs|ufopmf\{¸{sulwe,ndprqts|lmv'x<{f+s¶pmf\{¸¡+ydlr{|v ~ f\{\¥<eq}lr{\¥<yq'¸+v'xZs|uf'¥<lwp 
ndxdfq'p¢suf+uxq}x<
f ~ f\{bsKyJf\{ ~ © ¡+ylm{|v ~ f\{bv7zs|f\xZn<{+«?¸pmv'q'pwf\egf+xZs\¥dp5© f+xZs|q:²Çxdf+egf\x7sf8{s ~ nsKy<f7Å «
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ÁÂpf8{sIs|uc\{Plmegy<v7(sq}xZsIf
slwxZs|¡\|f8{|{uq}xZs ~ © f
zydpmlr£7nf+Wprq
vZq'
s|lm¤:q}s|lmv'x ~ f8{ ~ lw±J¡\|f\xZsu{Puadv'e,<v7egc+uf\{Wªp5© lmxZs|¡\|lmf+nd
~ nA|¡8{(f8q}nÃ|adv7eoJv'eg¡+ulr£7nf'«W¶xAadf\uafeq}lmxZs|f+x<q}xZs¨£7nf+pmpwf8{,yJv'n|q}lmf+xZsg»
s|ufpwf8{gyd|v'f\
s|lmv'x{O{(Kxq'yzs|lr£Zndf\{
f+xZsu|fpmf\{ ~ lw±J¡\|f\xZsu{uadv'e,<v7egc+uf\{Êy<v7ndv'ds|f+xlwndxf{(Kxaduv'xlm{uqtsulwv7x ~ f\{q7sulw¤tqtsulwv7x{0Å
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K  À qg
vZq'sulw¤tq}s|lmv'x
f+xZs|ufuadv'e,<v7egc+uf\{xdf¶yJf+ndsby<q'{Ê{(f¶³´q}lm|f¸f+xZsu|f¸pwf8{Ixf+nduv'xdf8{ ~ fsKyJf¶Á|Á(ÁÊ+q}8¥ ~ q}x{b+f¸\q'{\¥7ndxuadv'e,<v'¿
eOc\|fyJv'n|q}lws{\© q7s|lm¤'f\W{|q'x{I£ZndfpY© q}nzsu|f|adv7eoJv'egc+ufbpwf¸{(v7l¢s8«ZjKl<v'x¨{|ndydyJv7{|fq:¤'v7lw ~ f+nzg|av'eoJv'egc\|f8{
of+s4)£ZndlPv'xZs ~ f8{y<¡\|lmv ~ f\{ ~ © q'
s|lm¤Kl¢su¡OlmxZs|ulwx<{(c8£7nf ~ l¢±C¡+uf+xZs|f8{¼ 
	   ½¸f
s£Zndfpmq1+v7q'
s|lm¤tqts|lmv'x ~ f\{
|adv7eoJv'egc+uf\{bf8{s¸q'{u{(ndu¡+fyq'pmf\{xf+nduv'xdf8{ ~ f)sKyJfÁ(Á|Áq}pmv'{bpmq
vKv' ~ lmxqtsulwv7xf\x7su|fopwf8{|av'eoJv'egc\|f8{
x0© f8{s)yq7{)
v7eOypwc+s|f'«EµIx¹³´q'l¢s8¥ {|f+ndpr{pwf8{xdf+n|v7xdf\{ ~ fgsKyJfOÁ¸f
s)Á|Á ~ n uadv'e,<v7egc+uf O{\© q7s|lm¤'f\xZs)\q}){uq
y<¡\|lmv ~ f ~ © q'
s|lm¤Zlws|¡¶lwxZsu|lmx{|c\£Zndff8{sÊy<f+s|lws|f¶suq'x ~ lr{£Zndf¶pwf8{Wxdf\nd|v7xdf\{ ~ fsKyJf¶ÁPf+sÁ|Á ~ nuadv'e,<v7egc+uf Ixf
{+© q'
s|lm¤'f+xZs£Zndf)pwv7u{u£Zndf¸pwf8{bxdf+nduv'xf\{ ~ fsKyJf¸Á|Á(Á ~ n1|av'eoJv'egc\|f{(v7xZsq7sulw¤7¡\{\«
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q+v7q'
s|lm¤tqts|lmv'x¹xdfgy<f\nzs)yq'{¸»+s|ufOpmfO|¡8{(ndpwsuq}s ~ f\{yduv}f8s|lmv'x<{
{(Kxq'yzs|lr£Zndf\{¸f+xZsu|fOpwf8{¸xdf+nduv'xf\{ ~ fOsKy<fgÁ(Á¶v'n¯Á ~ © ndx¯|av'eoJv'egc\|f,¤'f+{¸pwf8{¸xdf+nduv'xf\{ ~ fOsKy<fgÁ(Á|Á ~ f
pY© q}nzsu|f)uadv7eoJv'egc+uf'«·¸q}x<{¶+fo+q7{+¥dv7xUx0© q}ndq}lwsyq7{ ~ fo+vKv' ~ lwx<qts|lmv'x1f\x7su|fopY© q'
s|lmv'xXxdf\nd|v7egv ~ ndpmq}s|ulm+f
~ f\{Pxf+nduv'xdf8{Wq}nds|v'uZs|adeglr£Zndf ~ © ndx|av'eoJv'egc\|ff+sIpY© q'
s|lmv'xgxdf\nd|v7egv ~ ndpmq}s|ulm+f ~ f\{Ixdf+nduv'xf\{Wq'nzs|v7|Zs|ad¿
eOlr£Zndf ~ fXp5© q'nzs|ufXuadv'e,<v7eOc\|f7«PµWx­f
±Cf
s8¥Iv7xAq ~ ¡\egv'xZs|u¡U£Zndf'¥Iª p5© lwxZs|¡\|lmf+n ~ © nx­|adv7eoJv'egc+uf'¥Ppmf\{
xdf+nduv'xf\{ ~ fosKyJf,Áf+s)Á(Á ~ v7lw¤7f+xZs¸q:¤7v'lmndxfOq7s|lm¤Kl¢su¡oxdf\nduv'egv ~ ndprqts|ulr
foyJv'n¶yJv'nd¤7v'lm¸{|fg
vKv' ~ v'xxdf+8«
f
s(sufuf+eq}£Zndf{+© q}yydpwlr£Zndf ~ f¶pmqeg»+egf³´q 
v7x£7n<q}x ~ v7x¤'f+nds
vKv' ~ v7xdxdf+Pypwn{|lmf+nd{Wuadv'e,<v7egc+uf\{0Åtpmf\{
xdf+nduv'xf\{bq}nzsuv'uZs|adeglr£7nf\{ ~ v7lw¤7f+xZsÊ¡8aq}x'f+ ~ f8{ (lwxz³Æv7|eq}s|lmv'x{  ~ f)xdf\nd|v7egv ~ ndpmq}s|lmv'x0«
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Ï <)ÍJ  ÍJ52  f+s(sufaKKy<v's|adc8{(f¶f\{(sÊª)f+z+pwn|f¶ydndlr{|£Zndfp5© v'x{uq}lwsÊ£Zndf¶pwf8{Ixdf\nduv'xdf8{
~ fsKy<fÁ(Á)xdfyd|v'f
s|s|f+xZsoy<q'{o{|nd,pwf8{xdf\nd|v7xdf\{ ~ fsKyJfÁ« ·fydpwn<{pmfxdf\nd|v7xdf ~ fsZyJfÁ|Á)x0© f\{(soyq'{
|f8{(yJv'x{uq}pwf ~ f8{,q7sulwv7x{ ~ fxdf\nd|v7egv ~ ndpmq}s|lmv'x ªXp5© lwxZs|¡\|lmf+n ~ nS|adv7eoJv'egc+uf¨f+s,lmpxdfy<f\nzs ~ v'xyq'{
³´q}lm|f ~ fyduv}f8s|lmv'x<{xf+nduv'egv ~ ndprqtsu|lr
f8{f\xZs|uf¸pmf\{ ~ l¢±C¡+uf+xZs{b|adv7eoJv'egc+uf\{\«
 &R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Pq}¨+v'x{|¡\£Zndf\x7s8¥W
fU{|v'xZs¨pmf\{gxdf\nd|v7xdf\{ ~ f1sZyJfUÁg£Zndl
vZq'
s|lm¤'f+xZsOs|v7nzspmfX|¡8{(f8q}nSuadv7eoJv'eg¡+ulm£Zndf17uÄ7
f1ª
prq yd|v'f\
s|lmv'x0¥Puadv'e,<v7egc+ufy<q}uadv'e,<v7eOc\|f7¥ ~ f\{{(Kxq'y{(f8{?¸pwnz¿ f+u'lr£Zndf\{gf+s¨xdf+n|v7eOv ~ npmq}s|ulm+f\{g¤'f\u{gpmf\{
xdf\nd|v7xdf\{ ~ f¶sKyJf)Áf+sÁ(Á ~ f\{q'nzs|uf\{Êuadv'e,<v7egc+uf\{0Å
       :  Xf+xZsu|fpmf\{)xf+nduv'xdf8{ ~ fsKy<fÁ ~ © ndx |av'eoJv'egc\|fg¤'f\u{¸pmf\{)xf+nduv'xdf8{ ~ fgsKy<fÁ¸f
s
Á(Á ~ fXpY© q}nzsu|f1uadv'e,<v7egc+ufyJf+ueOf+s¨ndx°¡\aq'xd'f ~ © lwxd³Æv'uegq}s|lmv'x{ ~ fU+vKv' ~ lwx<qts|lmv'xAª¯q'{u{(f³Æu¡\£Zndf+x<
f'«
À0fuadv'e,<v7eOc\|fªXq7s|lmv'x xdf\nduv'egv ~ ndprqts|ulr
fgydpmn{)pmf+xZs|flmegy<vZ{(f{uq ~ Kxq}eglr£Zndfq}n uadv'e,<v7egc+ufOypwn{
uq'ydl ~ f'¥7\q}pwf8{+v'x{(suq'x7suf\{ ~ fsuf+egy{ ~ v'eglmxq}xZs|f8{ ~ fp5© q7s|lmv'xxdf+nduv'egv ~ ndprqtsu|lr
f{|v'xZsb
f+pmpmf\{ ~ n{|K{(s|c\egf
pwfydpmn{pmf+xZs\«
 : . ?   C   0/   ; .    0. ~ f\{xdf+n|v7xdf\{ ~ fsKy<f¶Á ~ © ndx|adv7eoJv'egc+uf¤'f\u{Wpwf8{Wxdf\nd|v7xdf\{ ~ fsKyJfÁ
f
sÁ|Á ~ fpY© q}nzsu|f|av'eoJv'egc\|fI+v7q7s|lm¤'fPpmf\{uadv'e,<v7egc+uf\{0{|ndpmqaq}nzsufW³Æu¡\£Zndf\x
f7¥8q'nxdlm¤'f\q'n ~ f\{Jv'nz±C¡+f8{+«
f+prq+v'x ~ nl¢s q}n)egv ~ c+pmfIydu¡\{|f+xZsu¡ ~ q}x{ pmq®«Z¼´8½«8À0f8{0xdf\nd|v7xdf\{ ~ fWsKyJfWÁEf
sÁ(Á0{|v'xZs pmf\{ ndxdlws|¡\{
v'¿ q7sulw¤tqtsu|lr
f8{
£Zndl{|v'xZs|f8{(yJv'x<{|q'dpwf8{ ~ fXpY© q'
s|lm¤Kl¢su¡U
vKv' ~ v'xxd¡+f ¼Æ7uÄ7
fXª¯pY© q'
s|lmv'x°xdf+n|v7eOv ~ npmq}s|ulm+flmxZs|f+|¿ |adv7eoJv'egc+uf\{½
f+xZsu|fpmf\{ ~ lw±J¡\|f\x7suf\{I|adv7eoJv'egc+uf\{\«}ÁÂpJf\{(sIyJv7{u{(lmdpmf£Zndfpmf\{Ixdf+nduv'xf\{ ~ fsKy<f¶Á q'lwf\xZs ~ f8{Iq'
s|lmv'x{Ixdf+n|v7eOv ~ nd¿
prqts|ulr
f\{¶+q'uq7s|¡\|lr{|¡+f\{Êyq' ~ f8{+v'x{(suq'x7suf\{ ~ f)s|f\egy{ ~ l¢±C¡+uf+xZs|f8{ª¨\q}n{|f ~ © ndxdf ~ lw±J¡\|f\x
f ~ f ~ ¡\¤'f+pmv'yy<f\eOf\xZs
q}n¨+v'nd{ ~ n¨s|f+egy{\¥K
f£Zndl ~ v'xxdf+q}lwsWndxdf¶y<¡\|lmv ~ f ~ © q'
s|lm¤Zlws|¡¶lwxZsu|lmx{|c\£Zndf ~ lw±C¡+uf+xZs|f{|f+7egf+xZsIyq'I{(f\'egf+xZs ~ n
u¡\{|f\q}n|av'eoJv'eg¡\|lr£Zndf'«zÀ0f8{bxdf+n|v7xdf\{ ~ fsKyJf¸Á|Á(Áb{(v7xZsbypwnzsuË}spmf\{bndxl¢su¡\{ ('¡+x¡+qts|ulr
f\{ ¶£Zndl ~ lw±Jc\|f\xZs|adv7eO¿
Jv'egc+uf¨yq'|av'eoJv'egc\|f¨q'n xdlw¤7f\q'n ~ n xdv7eoduf ~ fu¡\+f+yzsuf+nd{ ? Ê¿5f\|7lm£Zndf7¥ 
f£Zndl ~ v7xdxdf¨nx ¡+ydlr{|v ~ f
lmx7su|lmx{|c\£Zndf ~ lw±J¡\|f\xZs{(f\'egf+xZsbyq}{|f+7eOf\xZs ~ nu¡\{|f\q'nuadv'e,<v7eg¡+ulm£Zndf7«
À0fPegv ~ c\pwfWq'lwx{|l ~ ¡+¤'f\pwv7ydyJ¡Wqbpwf8{0+q'uq7s|¡\|lr{(s|lr£7nf\{<sKydlm£Zndf8{Ev'<{(f\|¤7¡+f\{ ~ q}x{Epmf\{0f
zy<¡\|lmf+x<
f\{0ydaKK{|lmv'pmv''lr£Zndf\{ Å
 pwf8{g|adv7eoJv'egc+uf\{{|v'xZsdlmf+x­
vZq'
s|lm¤'¡\{\«WÀ0fXu¡\{|f\q'nAq¯ndxfUq'sulw¤Klws|¡XuZs|adeglr£7nfU£7nlf\{(s¨pwlm¡+fUª p5© q'sulwv7x
xdf+nduv'egv ~ ndprqtsu|lr
f¸prq,ypwn{pwf\x7suf ~ q}x{bpmf)u¡\{|f\q}n 

 f+x {(nydydulweq}xZso+v'egydpmc
s|f\egf+xZsoprqX
vKv' ~ lmxqtsulwv7x¹lmxZs|f+|¿ |adv7eoJv'egc+uf\{\¥Cv'x uf
s|uv'n¤'fgpwf8{q'
s|lm¤Kl¢su¡\{)lmxZs|ulwxz¿
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v7xdxdf\
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s|lm¤tqts|f\nd{¿ lwxadlwl¢suf+nd{£7nlW{(v7x7s¸s|uc\{
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v7egyd|f\x ~ ufoprq¨7f+xdc8{(f ~ fg
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f
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v7|f§pwf¹eOf+s(su|f¹f+x ¡\¤Zl ~ f\x
f7«ÊÀ f
eOv ~ c\pwfyduv'yJv7{|fpY© f
zlr{suf+x+f ~ © ndxdfq'sulwv7x ~ f
vKv' ~ lmxqtsulwv7x ª§pwv7xdXsuf+ueOf¯¼´q7s|lmv'xSxdf+nduv'egv ~ ndprqtsu|lr
f:½
f
s¨ª¹+v'nd|sOs|f+uegf ¼´q'
s|lmv'x ?¸pwnz¿ f+u'lr£Zndff
d
lwsuq}s|ulm+f8½o¡
s|f\x ~ ndfXª§s|v7n{gpwf8{Oxdf+nduv'xf\{g£Zndl
v7x{sul¢sundf+xZspmf
|adv7eoJv'egc+uf¸f
sq}lmx{|l £Zn0© f\xZs|uf¸pmf\{ ~ l¢±C¡+uf+xZsu{buadv7eoJv'egc+uf\{\«
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lm¡+f8{ª ~ f\nzÃegv ~ f\{ ~ f ~ ¡8aq}u'f8{ ~ lm{(s|lmx
su{\¥Iydpmn{|lwf\ndu{v'{|f+u¤tqtsulwv7x{O¡+pmf\su|v7ydaKz{(lmv'pmv'7lm£Zndf8{,v7xZs
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s|¡1q:¤tq}x+¡+f7«
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q'sulw¤tq}s|ulm+f\{ )uf\{|yJv'x{uq}dpmf\{ ~ fOpY© q'
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lmxdadlmdl¢su|lr
f ~ v'lwsb»+s|ufs|uc\{byJf
sul¢suf)¤'v'lmuf¶xKndpmpwf 
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
f8
lCf\{(s¤Kuq'lJeg»\eOf£Znq}x ~ p5© f ¨+q'+l¢su¡ ~ f¸p5© q'sulwv7xxdf\nduv'egv ~ ndprqts|ulr
flmxdadlmdlws|ulm+ff\{(sÊxKndpmpwf7«dÀ0f8{Êq7sulw¤Klws|¡\{bMf
s
· {(v7x7s¸ydaKz{(lmv'pmv'7lm£Zndf8{0Åd· |f\ydu¡\{|f+xZs|f)prq¨yduf+eglmc+ufoq'
s|lm¤Kl¢su¡of+x|f\'lr{su|¡\f{(nd¶pwf8{xf+|³´{egv}suf+nd{\¥<Îuf+y|¡8{(f\x7suf
p5© q7s|lm¤Kl¢su¡¨f+x|f\'lr{su|¡\f¨q}yduc\{)pwvz+q''f ~ fpmqU+v'xdxf
zlwv7x5? b¿ f+u'lr£Zndfyq}Oq}ydypwlr+q}s|lmv'x ~ f¨dlr
n<
ndpmpwlmxdf ~ q}x{
ndxS{(suq ~ f ~ f ~ ¡+¤7f+pmv'ydyJf+egf\x7sOydpmn{,q:¤tq'x
¡7«À0f8{oq7s|lm¤Kl¢su¡\{  f+s {|v'xZs ~ f8{,q7sulw¤Klws|¡\{(q}eq}lr{,|f\x
v7x7su|¡\f\{)f\x
ydaKz{(lmv'pmv'7lwfbf+sf+pmpmf\{I{|v'xZsWpmlw¡\f\{ª)pmq ~ Kxq}eglr£7nfs|uc\{Ppmf+xZsuf ~ fprq)xdf\nduv'egv ~ ndprqts|lmv'xglmxdadlmdlws|ulm+f'«'µIx¨f
±Cf
s8¥Z£Znq'x ~
p5© f \q'+l¢su¡ ~ fOp5© q7s|lmv'x§xdf+nduv'egv ~ ndprqtsu|lr
f,lwxadlwl¢su|lr
fgq ~ f\{¸¤tq}pmf+nd{lmxZs|f\|eg¡ ~ lmq'lwuf\{¶f+pmpwfOf\{(s)q}pmv'{s|uv'y§³´q}lmdpmf
yJv'ndf\x7suuqt²rxf+
v7egydpwc+s|f\eOf\xZsbp5© q'sulw¤Klws|¡ ~ n1u¡\{|f\q'n0¥Kegq'lm{ ~ © nx1q'nzs|uf)
Ë's|¡'¥zf\pwpmf)f\{(ss|uv'y'q}x ~ f¶yJv'nxdf)yq'{
p5© f\x7suuqt²rxf+8«KÀI© q7sulw¤Klws|¡£ZndlEf+xX{|v'|sx0© f8{syq7{ ~ ns|v7nzsydaKz{(lmv'pmv'7lm£Zndf7«
t (s)
E
H
G
F
0 500 1000
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−20
0 500 1000
−52
−36
−20
0 500 1000
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−36
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0 400 800
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−36
−20
 h=dÅ s|lm¤Kl¢su¡ ~ n­u¡\{|f\q'n ~ fUxdf\nd|v7xdf\{¨eOf8{(n|¡\fU{(ndpwfUyJv}suf+xZs|lmf+p¸egf+e,duq'xq}lmuf ~ n­xdf+nduv'xf ~ fXsKy<f
ÁoyJv'n ~ l¢±C¡+uf+xZs|f8{g¤tq}pmf+nd{ ~ f1pY© f¨+q7
lws|¡ ~ f1pY© q'
s|lmv'xÃxdf+nduv'egv ~ ndprqtsu|lr
f ¼´
³« suq'dpwf ¼Y7½(½,pmv'{|£Zndfp5© f \q'+l¢su¡
~ f¨prqX
v7xdxdf+Klmv'x5? Ê¿5f\|7lm£Zndff8{so³´q}lmdpwf7«  v'noq:¤'v7lw)ndxfq'
s|lm¤Zlws|¡ydaKK{|lmv'pmv''lr£Zndf'¥Ep5© f¨+q7
lws|¡ ~ f¨p5© q'sulwv7x
xdf\nd|v7egv ~ ndpmq}s|ulm+f¶lmxdadlmdlws|ulm+f ~ v'lws»
su|f¸su|c8{by<f+s|lws|f'¥egq'lm{yq'{bxKndpmpwf 
 v'nd)egv7x7su|f\)pwf8{)f
±Cf
s{£Zndf¨p5© q'ydyq'|lws|lmv'x ~ © ndxdf¨
v7xdxdf+Klmv'x5? Ê¿5f\|7lm£Zndfglmxdadlmdlws|ulm+f¨qX{(nd)pmf¨u¡+7pmq''f
~ f8{oyq'uq'egc
s|uf\{ ~ f¨egv ~ c+pmf'¥v'xSq§
v'x<{(l ~ ¡+u¡¨prqX'f\xdc\{|f ~ fpmq ~ f+nzzlmc+egfJv'nd±J¡\f'«Wf+pmpwf+¿ +lÊqX¡+s|¡v'zsuf+xKndff\x
u¡+'prq}xZspmf\{¶yq}q}egc+s|uf\{ ~ f,pY© q'
s|lmv'xXxdf\nduv'egv ~ ndprqts|ulr
f)f
s¸f+xUlmxZs|uv ~ ndlr{|q'x7s¶ndxdfoyJf
sul¢sufOq7sulwv7x? b¿ f+u'lr£Zndf
lmxdadlmdl¢su|lr
f7¥W³«Psq}dpmf ¼´Z½«WÀW© f¨\q'
lws|¡ ~ f1p5© q7sulwv7x ? Ê¿5f\|7lm£Zndf1q¯¡
su¡u¡+7pw¡\fyJv'nv'zsuf+xdlm ~ f\{g¡\ydlm{|v ~ f\{
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v7egy<vZ{(¡8{ ~ f ~ f+nd<v7nz±C¡+f\{\«À v'{|£Zndfp5© q7s|lmv'xxdf\nd|v7egv ~ ndpmq}s|ulm+f¶lmxdadlmdlws|ulm+f)f\{(ss|uc\{bf \q'+f'¥dprq ~ Kxq}eglr£7nf
~ n u¡\{|f\q'n¹f8{s,s|uc\{)pmf+xZsufq:¤'f8OpmqXu¡+yJ¡
sul¢sulwv7x y<¡\|lmv ~ lr£7nf§¼Çsuv'nzsuf\{,pwf8{,7'1{u½ ~ f\{o¡+ydlr{(v ~ f8{o+v'egyduf+xq'x7s ~ f+nz
{|f+ndpmf\{Jv'nz±C¡+f8{Ê¼Yªnx,lmxZs|f+u¤tq}pmpwf ~ fbd« h¸{f\x7su|fÊf+pmpmf\{½¥t³«:®<«z¼Æh='µ½«t v7ndv7zs|f\xdlmnxdfby<¡\|lmv ~ fegv7lwx ~ |f7¥8lmpZ³´q}nzs
 7dÅ¸¡+7pmq''f ~ fprqyJ¡+ulmv ~ f ~ © q'
s|lm¤Kl¢su¡ ~ n,|¡8{(f8q}ny<q}pY© f¨+q7
lws|¡ ~ fÊpY© q'
s|lmv'xoxf+nduv'egv ~ ndprqtsu|lr
fWlmxdadlmdlws|ulm+f'«
?¸c+xf\{|f ~ © ndxf ~ f+nzzlmc+egf)Jv'nz±C¡+f7«
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u¡ ~ ndlmufWpY© f¨\q'
lws|¡ ~ fIp5© q'sulwv7x)xdf+n|v7eOv ~ npmq}s|ulm+fPlwxdalwdlws|ulr
f'«:·¸q}x{pwfÊ+q7{EAÊ¥\v7xuf+eq}£ZndfPndxdfy<¡\|lmv ~ fIu¡ ~ nl¢suf
¼Y='1{½¸egq'lm{oaq'£ZndfgyJ¡+ulwv ~ f
v7egyd|f\x ~ ~ f+nd¹¡+ylm{|v ~ f\{¼Æs|v'nds|f\{pwf8{@=}hX{½ ~ f ~ f+nd¹Jv'nz±C¡+f8{+¥³«E®<«I¼Æh =AP½«
¶xuf+eq'u£Zndf¶pY© q}{|f+x<
f¸yd|f8{|£Zndf¶s|v'suq'pwf ~ fpY© lmxdadlmdl¢sulwv7xf\xZs|uf¶pmf\{b¡\ydlm{|v ~ f\{\«djKlEv'x|¡ ~ ndlwsf+x+v'ufp5© f \q'+l¢su¡ ~ f
p5© q7s|lmv'xxf+nduv'egv ~ ndprqtsu|lr
flmxdadlmdlws|ulm+f'¥Zv'xv7zs|lmf+xZsnxdf¶q7s|lm¤Kl¢su¡yJ¡+ulwv ~ lr£Zndfo¼Æs|v'nds|f\{pmf\{ ='d« h{½¥K³«7®«C¼Æh =?)½¥
eq}lr{W{|ldpY© f¨\q'
lws|¡ ~ f\¤Klwf\x7sPsu|v7ygy<f+s|lws|f'¥7pwf8{P¡+ylm{|v ~ f\{Pq'nOpmlmf+n ~ © q:¤'v'lm ~ f+nd,Jv'nz±C¡+f8{Pf+xgv'xZsPsu|v7lm{\¥}³«'®«¼´h=7È¶½«
 xv}s|uf¶q:¤Klr{+¥7lwpJf\{(s ~ v'xs|uc\{ ~ ¡+pmlm\qts ~ fu¡+7pwf\Wpwf8{Iy<q}q}egc
su|f8{ ~ negv ~ c\pwf¶f+x¨nzsulwpmlr{|q'x7sÊpY© f¨\q'
lws|¡ ~ fp5© q'sulwv7x
xdf\nd|v7egv ~ ndpmq}s|ulm+f'«·¶fydpmn{\¥lmp xdf,{(f\eodpmfyq7{y<vZ{|{|lmdpwf ~ fuf+yduv ~ ndlm|fpmf\{f+±Jf+su{ ~ fp5© q'ydydpmlm\qts|lmv'xXy|v7'uf\{u{(lm¤'f
~ fdlm+n
npwpmlwxf{|ndOpY© q'
s|lm¤Zlws|¡xdf+u¤'f\n{|f'« Pq'O+v'x{|¡\£Zndf\x7s8¥+f
s(suf{|v'pmnzs|lmv'xSxdf{|f+q1yq7{oydulr{of\xS
v7x{(l ~ ¡\uq}s|lmv'x
~ q'x{bpwf)egv ~ c\pwf7«
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¶x§{uq}lws¶f+KyJ¡+ulmeOf\xZsuq}pmf+egf\x7s)£Zndfoprqy<¡\|lmv ~ f ~ © q'
s|lm¤Kl¢su¡,f+s¸p5© lmxZs|f\|¤tq}pmpmf ~ fg{(lmpmf+x+f ~ f,pmqyduf+eglmc+uf,q'
s|lm¤Kl¢su¡
f+x|f\'lr{su|¡\fÊ{|nd pwf8{ xdf+|³´{ egv}suf+nd{P{(v7xZs q'nzs|v7nd ~ fC;}¸{+«}·¸q}x<{ pwf8{P{sq ~ f8{ ndp¢su¡+ulwf\nd{ ~ n ~ ¡+¤'f\pwv7ydyJf+egf+xZs\¥tlmpr{Pq}nd'¿
egf+xZs|f\xZs0n{u£7n © ª)q'|ulw¤7f+Pªo;¸{\«7ÀI© q'ydyq}ulws|lmv'x ~ fpmq ~ f+nzzlmc+egfJv'nz±C¡+f ~ ¡\
pmf+x<adfndxdf{|v'n ~ q}lmxdfq}nd7egf+xZsuq}s|lmv'x
~ f)p5© lmxZs|f\|¤tq}pmpmf ~ f{|lmpwf\x
f¨¼D;O{u½
«
·¸q}x{ prq¶suq}pwf)¼ÆhK½¥tv7x ~ v7xdxdfpmf\{ ¤tq}pmf+nu{ ~ f8{P
v'x<{sq}xZs|f8{ ~ fbs|f+egy{ ~ fpmq¸xdf\nd|v7egv ~ ndpmq}s|lmv'x,f
s ~ fp5© f \q'+l¢su¡
~ fp5© q7sulwv7x? b¿ f+u'lr£7nfbq:¤7f\pwf8{|£Zndf\pwpmf\{Wv'xOy<f\nzsIuf+yduv ~ ndlm|f7¥}£7n<q}pml¢sqts|lm¤'f\egf+xZsPegq'lm{Wyq'{P£Znq'x7sul¢sqtsulw¤7f+egf+xZs\¥

f+s(suf{(lws|nq}s|lmv'x0«JjKndprqO®«¼ÆhK'½v'x1y<f\nzs¤7v'lmpwf8{q}pmpwnduf\{ ~ nXy<v's|f+xZsulwf\p0egf+eouq'xq}lm|f ~ f8{xdf+n|v7xdf\{ ~ fsKyJfÁ
~ q'x{pmf\{ ~ lw±J¡\|f\xZs|f\{¸{|l¢sunqtsulwv7x{+«0¶xUuf+eq}£Zndfo£Zndf,pwf,eOv ~ c\pwf,f\{(s\q}yq'dpmf ~ fouf+y|v ~ ndlmufndxdfgq}nd7egf+xZsuq}s|lmv'x
{|v'n ~ q'lwxf ~ fXpY© lwxZsuf+u¤:q'pwpmf ~ fU{|lwpmf+x+f'¥Weq'lm{¨q:¤7f\ndxdfUq'eOypwlws|n ~ f ~ l¢±Cf+uf+xZsufWÅWv'x°yq7{|{|f ~ f;} {\¥Iª t« = {gf
s
f+xd®x ª¹DX{\« xdfyJv7{u{|lwdlmpml¢su¡ ~ © f
zydpmlm\qts|lmv'x¯sulwf\x7sgq}n ³´q'l¢s,£Zndfpwf8{xdf\nd|v7xdf\{ ~ fsKy<fÁ(Á|Á¸v7xZsof+nz q}n<{|{|lWndxdf
q'
s|lmv'x xdf\nduv'egv ~ ndprqts|ulr
f¨{|ndsuv'n{,pwf8{xdf\nduv'xdf8{ ~ n uadv7eoJv'egc+uf'¥ '© f8{s|¿ ª}¿ ~ lwuf¨£ZndfprqU
v7xdxdf+Klmv'x    ~ f\{xdf\nd|v7xdf\{ ~ f,sKy<fgÁ|Á(Á¤7f+{¸pwf8{¶xf+nduv'xdf8{ ~ f,sKyJfgÁf
sÁ(Á ~ q}x<{¶pmfgegv ~ c+pmf ~ f,prq®«P¼87½
¥Jx © qyq7{¸{|f+npwf\eOf\xZs
ndxdfgq'
s|lmv'xUf+d
lwsuqtsu|lr
f7¥<eq'lm{qq'n{u{(lndxdfOpwf\xZs|fgq'sulwv7xUlmxdadlmdl¢su|lr
f7«0jKl v'x¹q}v'nzsuf,+f
s(sufO\q}q'
s|¡+ulr{sulm£Zndf7¥<q:¤'f8
pmf\{Êeg»+egf\{Êyq'uq'eOc+s|uf\{Ê£Zndf¸+f+nz ~ f¸p5© q'sulwv7xxdf\nduv'egv ~ ndprqts|ulr
flmxdadlmdlws|ulm+f³Æv7nduxdlwf¸yq'Êpmf\{Êxdf\nduv'xdf8{ ~ f¶sKy<f
Á¥v7xUuf
s|uv'n¤'fdlmf+xUpmf\{|¡8{(ndpwsuq}su{f
zy<f\|lmegf+xZsuq'nzE¥³«<®<«¼ÆhZ7½
¥<q:¤'f8ndxdf,y<¡\|lmv ~ f ~ © q'
s|lm¤Zlws|¡ ~ f8;g{f+sndxdf
lmx7suf+u¤tq}pmpwf ~ fU{|lwpmf+x<
f ~ fKDZ§{\«I·¶q'x{¨+f ~ f+nzzlmc+egfU+q7{+¥Pv7xÃf8{s ~ v7x1+q'yq}dpmf ~ f1|f\yduv ~ ndlwuf1ndxdfU{|v'n ~ q}lmxdf
q}n'egf+xZsuq}s|lmv'x ~ f¨p5© lmxZs|f\|¤tq}pmpmf ~ f{|lwpmf+x+f ~ f;}{)ª D;'{)pmv'{|£Zndfgp5© q7s|lm¤Kl¢su¡yq'{u{|f ~ © nx <v7nz±J¡\f¨yq'¡+ydlr{|v ~ f¨ª
~ f\nzJv'nz±C¡+f8{byq}¡\ydlr{(v ~ f7«
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t (s)
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mV
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a
b
c
0 200 400
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−38.5
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0 200 400
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s|lm¤Zlws|¡ ~ n u¡\{|f\q'n ~ fxf+nduv'xdf8{)egf\{|ndu¡+f{|nd,pwfy<v's|f+xZsulwf\pegf+e,dq}xq'lwuf ~ n xdf\nduv'xdf ~ f¨sKy<fÁ
yJv'ndbpmf\{b¤tq}pmf+nd{ ~ f\{b+v'x{(suq'x7suf\{ ~ f¸s|f\egy{ ~ fxdf+n|v7eOv ~ npmq}s|lmv'x¨f+s ~ f¸p5© f¨+q7
lws|¡ ~ f¸pY© q'
s|lmv'x ? b¿ f+u'lr£Zndf
~ v7xdxd¡+f8{ ~ q'x{Wprq)sq}dpmfo¼´hZ½«KÀ qoy<¡\|lmv ~ f ~ f¸{(lmpmf+x+fyq'{u{|f ~ f ;'{¼´f+xaq}nzs½¥Kª,t« h{¸¼´q'n¨eglwpmlmf+n<½Wy<v7nd ~ f\¤'f\xdlw
¡+Zq}pmf)ªD,{\¥q'yd|c8{ÊpmqO'f\xdc\{|f ~ f)prq ~ f+nzzlmc+egf)<v7nz±C¡+f)yq'Ê¡\ydlr{(v ~ f7«
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